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PREFACE TO FIRST EDITION. 



This book is intended to give correct, 
straightforward answers not only to such 
direct questions as have been asked by 
both theoretical and practical men, but to 
questions chosen with the view of saving 
the reader a long search after some point, 
and enabling him to get directly at the 
information desired. Formulas and ^'mathe- 
matical gymnastics" are avoided. The 
Index will be found to save time. 

While the book is not written for pro- 
fessional men, I believe it to be technically 
correct, and up to date. 

I should be glad to receive for reply 
queries concerning any matter relating to 
the steam engine ; and where possible will 
not only answer them by mail but embody 
questions and answers in future editions 
or volumes, should they be called for. 

ROBBBT GrIMSHAW. 
inly 10, 1885. 
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PREFiiCE 

-TO fHK- 

FOURTH EDITION. 



This Fourth Edition is called for within 
a year of the appearance of the first, Inore 
by reason of the real scarcity of books 
of this class, upon this subject, and of the 
great number of readers desirous of increas- 
ing their knowledge in this line, than from 
any special intrinsic merit in the work itself. 

I have thought it best to increase its size 
by about one fourth; the additional questions 
being, like all those which are found in the 
Supplement or Second Volume, either those 
which have been asked me by mail, and at 
the meetings of associations of practical 
engineers, or those which have been 
suggested by such queries. 

All of the Preface to the First Edition is 
applicable to the present. 

New York, July, 1886. 
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STEAM ENGINE CATECHISM. 



DBFINinONS AND PRINCIPLES. 



Q. WhatisBteam? 

A. A thin, condensible vapor, or fluid, 
elastic under compression, and which is one 
of the three states (ice, water, steam) in 
which water exists. 

Q. What is one of the most marked 
characteristics of steam? 

A. One of the most marked character- 
istics of steam is its tendency to expand, 
decreasing its pressure about in the same 
ratio as it increases its volume. 

Q. What is the temperature of steam? 

A. The temi)erature or sensible heat of 
steam varies with the conditions. Steam 
formed from water under the ordinary at- 
mospheric pressure (14.7 lbs. per square inch 
at sea level) has a temperature of 213° F., 
— 100° C. Confined so that expansion is 
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Steam Engine Catechism. 



impossible, it is generated at a temperature 
corresponding to the pressure or tension, 
and may be maintained at that temperature. 
We give a table showing the temper- 
ature corresponding to various tensions; 
the tensions being expressed in pounds per 
square inch, but above vacuum, not above 
atmosphere. 



Pbessubb 



AND Temperature 

RATED Steam. 

(Begnault.) 



OF Satu- 



l^cr . " 


•2S- 




^2^ 






Temp. 


^l^i 


Temp. 


IgS^A' 


Temp. 


deg. 
Fahr. 


deg. 
Fahr. 


ik 


FaSr, 


1 


102.1 


15 


213.1 


30 


250.4 


2 


126.3 


16 


216.3 


31 


252.2 


8 


141.6 


17 


219.6 


82 


254.1 


4 


153.1 


18 


222.4 


88 


255.9 


6 


162.3 


19 


225.3 


84 


257.6 


6 


170.2 


20 


228. 


85 


259.3 


7 


176.9 


21 


230.6 


86 


260.9 


8 


182.9 


22 


233.1 


87 


262.6 


9 


188.3 


28 


235.5 


88 


264.2 


10 


193.3 


24 


237.8 


89 


265.8 


11 


197.8 


25 


240.1 


40 


267.3 


12 


202. 


26 


242.3 


41 


268.7 


18 


205.9 


27 


244.4 


42 


270.2 


14 


209.6 


28 


246.4 


48 


271.6 


14.7 


212. 


29 


248.4 


44 


278. 
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Steam Engine Catbohism. 9 

Pressure and Temperature of Saturated 
Steam,— BegnatUt.— Continued. 



-SS^ 




52^ 




^£^ 




^1?^ 


Temp. 




Temp. 


^1?^' 


Temp. 


hi' 


deg. 
Fahr. 


deg. 
Fahr. 


IW 


Fa£. 


45 


274.4 


72 


304.8 


99 


827.1 


46 


275.8 


73 


805.7 


100 


327.9 


47 


277.1 


74 


306.6 


101 


828.5 


48 


278.4 


75 


307.5 


102 


329.1 


49 


279.7 


76 


308.4 


103 


329.9 


50 


281. 


77 


309.8 


104 


830.6 


51 


282.3 


78 


810.2 


105 


331.8 


5d 


283.5 


79 


811.1 


106 


331.9 


53 


284.7 


80 


312. 


107 


332.6 


54 


285.9 


81 


312.8 


108 


833.8 


55 


287.1 


82 


813.6 


109 


834. 


56 


288.2 


83 


314.6 


110 


334.6 


57 


289.3 


84 


315.8 


111 


335.8 


58 


290.4 


85 


316.1 


112 


336. 


59 


291.6 


86 


816.9 


113 


336.7 


60 


292.7 


87 


317.8 


114 


387.4 


61 


293.8 


88 


318.6 


115 


338. 


63 


294.8 


89 


319.4 


116 


338.6 


63 


295.9 


90 


320.2 


117 


839.8 


64 


296.9 


91 


321. 


118 


839.9 


65 


298. 


92 


321.7 


119 


340.5 


66 


299. 


93 


822.5 


120 


841.1 


67 


300. 


94 


323.3 


121 


341.8 


68 


300.9 


95 


824.1 


122 


342.4 


69 


301.9 


96 


824.8 


123 


343. 


70 


302.9 


97 


825.6 


124 


348.6 


71 


808.9 


98 


826.8 


125 


844.2 
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Pressure and Temperature of Saturated 
Steam, — Begnavlt. — Contirvued, 



lltA 


Temp. 


II ij. 


Temp. 


Absolute 
pressure 

persq. 

inch. 


Temp. 


Abso 
presi 
per 
inc] 


desr. 
FalS-. 


Abso 

presi 

per 

inc] 


deg. 
Fahr. 


FiSSr. 


126 


344.8 


145 


355.6 


240 


397.5 


127 


345.4 


146 


356.1 


245 


401.1 


128 


346. 


147 


356.7 


260 


404.5 


129 


346.6 


148 


357.2 


270 


407.9 


130 


347.2 


149 


357.8 


280 


411.2 


131 


347.8 


150 


358.3 


290 


414.4 


132 


348.3 


155 


861. 


300 


417.5 


133 


348.9 


160 


363.4 


350 


430.1 


134 


349.5 


165 


366. 


400 


444.9 


135 


350.1 


170 


368.2 


450 


456.7 


136 


350.6 


175 


370.8 


500 


467.5 


137 


351.2 


180 


372.9 


550 


477.5 


138 


351.8 


185 


375.3 


600 


487. 


139 


352.4 


190 


377.5 


650 


495.6 


140 


352.9 


195 


379.7 


700 


504.1 


141 


353.5 


200 


381.7 


800 


519.5 


142 


854. 


210 


386. 


900 


533.6 


143 


854.5 


220 


389.9 


1000 


546.5 


144 


355. 


230 


393.8 







Q. Is steam estimated by weight or by 
volume? 

A. Steam should always be estimated 
by weight. 
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Steam ENanra Catechism. 11 

Q. What is saturated steam ? 

A. Saturated steam is that which is gen- 
erated ''at the maximum density and pres- 
sure corresponding to its temperature. It 
is incapable of vaporizing more water into 
the same space unless the temperature be 
raised. Saturation is therefore the normal 
condition of steam generated in contact 
with a store of water, and the same density 
and the same pressure are always to be 
found in conjunction with the same 
temperature." (D. K. Clark.) It is con- 
densed if the temperature falls, and 
more water is evaporated if the tempera- 
ture rises. 

Q, Which is the hotter, dry steam or 
saturated? 

A. Dry steam is no hotter than sat- 
urated. 

Q. How much steam will one cubic inch 
of water make? 

A. That depends on the temperature and 
pressure. At 213° F — lOO*' C, one cubic 
inch of water will make 1641.5 cubic inches 
at the atmospheric pressure of 14.7 lbs. per 
square inch. 

Q. What is the function of steam in the 
steam engine? 
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12 Steam Enoinb Catechism. 

A. The function of steam in the steam 
engine is to transform the heat of com- 
bustion into mechanical work ; a task which, 
for various reasons, it accomplishes very 
imperfectly. 

Q. "What are the causes which prevent 
the utilization as mechanical work of 
any considerable portion of the energy of 
combustion? 

A. The causes which limit the utilization 
of the energy of combustion, as mechanical 
work, are as follows : 

Imperfect combustion. 

Imperfect transfer of the heat of com- 
bustion to the water and steam in the 
boiler. 

Incomplete utilization of the heat of the 
steam by the engine. 

Friction and back pressure in the en- 
gine. 

LOSSES OF HEAT, ETC. 

Q. How may the various losses and 
wastes in the boiler and engine be appor- 
tioned ? 

A. We may charge the chimney with 25 
per cent., the fireman or ** stoker " with 10 
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Steah Bnginb GATBOmSM. 18 

per cent., and the Icnss hj exhaust steam 55 
percent.; leaving only about 10 per cent, 
accounted for hj the indicator as being 
converted into work. 

Q. How many horse-power can we get 
by the consumption of one pound of coal 
per hour? 

A. In practice, the consumption of one 
pound of coal per hour, under the most 
favorable conditions, develops one-half in- 
dicated horse-power. 

One-third horse-power per potmd of 
coal per hour is considered excellent 
work; and one-sixth is all that is often 
obtained. 

Q. How many pounds of water will one 
poxmd of coal evaporate? 

A. The weight of water that one pound 
of coal will evaporate dei)ends on the tem- 
perature of the water and the pressure 
and temperature of the steam made from 
that water; also on the thoroughness and 
rapidity of combustion, the kind of boiler, 
etc. 

Each pound of the best coal should evap- 
orate 15 pounds of water from and at 212° F. 
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14 Steam Engine Catechism. 

It generally does about half that, and sel^ 
dom over 10 pounds, although 12 is som^ 
times reported. 

The following figures show the evapora- 
tion in the boilers of the West-side Water 
Works, Chicago (Henry Mason, Chief En- 
gineer). 

Lbs. of Water 
per IbB. Coal. 

Laurel Hill, lump 12.09 

Lackawanna, hard 10.98 

Erie, lump 10.95 

Pittsburgh, nut 10.47 

Massilon, O., lump 10.28 

Lidiana Block, lump.. 9.55 

Wilmington, lump 8.59 

Streator, nut 8.09 

Gaston, W.Va., lump 10.24 

Piedmont, W.Va., limip 11.73 

The feed water was heated to 212^ by ex- 
haust from the feed pumps, and the water 
weighed into tanks. 

All of these tests were made continu- 
ously, one after the ofcher, and in regular 
actual daily duty. 

The parties furnishing the different coal 
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Steam Engine Cateceosil 15 

in all oases were present during these trials, 
either in person or representative. Steam 
pressure 70 lbs. by the gauge. Rocking 
grate was used. 

What are the sources of loss of heat in 
a steam engine? 

A. The sources of loss of heat in a steam 
engine are radiation, condensation, and 
exhausting steam at a high temperature 
and pressure into the air. 

Q. How may radiation from boiler, pipes, 
and engine cylinders be prevented ? 

A. Radiation from boiler, pipes and 
cylinder may be prevented by covering them 
with a poor conductor of heat ; and radia- 
tion from the steam cylinder may be les- 
sened by surrounding it with a "steam- 
i icket," containing either live or exhaust 
steam. The addition of a steam jacket is 
expensive, particularly so, in comparison, 
on small cylinders. Jacketed cylinders 
should be covered with a non-conducting 
substance. 

The following table gives the relative 
values of certain non-conducting cover- 
ings, as shown by \esba made by the 
author: 
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Steam Ekoine Catechism. 17 

Q. What is a steam-jacket? 

A. A steam-jacket is a metallic steam 
tight casing, leaving an annular space be- 
tween it and the cylinder walls, filled with 
live or exhaust steam. 

(The steam-jacket is thoroughly treated 
of under " Economy," etc.) 

Q. How may internal cylinder conden- 
sation be lessened? 

A. Internal cylinder condensation may 
be lessened by superheating the steam, or 
by jacketing the cylinder; also by avoiding 
excessive expansion ratios. 

(See under heads Superheating, Jacket- 
ing, Expansion, Economy.) 

Q. What proportion of the heat of the 
steam is carried away in the exhaust? 

A. The proportion of heat carried away 
in the exhaust varies with the initial and 
terminal pressures,* and with the piston 
speed and rate of revolution. The higher 
the initial pressure, the greater the com- 
pression or "cushion," and the higher the 
piston speed and rotation speed, the less 
the proportion of loss of heat by the 
exhaust. 

* See under these heads. 
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18 Steam Engine Catechism. 

Q. May the heat be recovered from the 
exhaust steam of an engine ? 

A. The heat cannot be recovered from 
the exhaust without interfering with the 
performance of the engine. 

Q. How may loss of heat in the exhaust 
be lessened? 

A. Loss of heat in the exhaust may be 
lessened by compression or cushion, and by 
high speed of piston and shaft. 

Q. How may some of the heat of the 
exhaust be utilized? 

A. Some of the escaping heat of the 
exhaust may be utilized by heating the 
boiler feed water,* or by heating rooms, 
wort, dye, etc., drying material, and so 
on. 

Q. How much power is absorbed by a 
good engine in overcoming the friction of 
its own parts? 

A. The engine friction proper varies 
with the excellence of design and work- 
manship, and also with the load on the 
engine. 

At the Cincinnati engine trials of 1880 
the frictions of the three engines tested 

•See under "Economy." 
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(non-condensing) were as follows, other 
elements being given : 



Boiler Pressure, lbs 

Pipe Pressure 

Revolutions, per min 

Initial Pressure 

Cut off at 

Pressure at cut off 

Terminal Pressure of 

Back Pressure, mid-stroke. . 

Maximum Compression 

Mean Effective Pressure . . . 

Indicated Horse Power 

Friction of Engine^ H. P... 

Gross Load 

Extra Friction of Engine k 

due to load. f 

Net effective H. P 



S8 



96.61 

98.54 

75.880 

89.994 

.16956 

84.767 

17.418 

.946 

84.704 

29.7806 

187.0171 

10.2569 

126.7619 

6.0706 






C6.82 

91.48 

76.810 

80 522 

.18627 

86.910 

17.087 

.416 

46.098 

28.9397 

184.2026 

9.6609 

124.7317 

4.9693 



121.6914 119.7424 126.7111 






96.83 

91.54 

76.072 

88.499 

.16968 

76.876 

17.460 

.$67 

44.218 

29.8682 

189.9726 

7.8919 

181.9907 

6.2790 



DEFINITIONS OF PRESSX7EES. 

Q. In what direction is the atmospheric 
pressure exerted ? 

A. The pressure of the atmosphere is 
exerted in all diiections, and in equal de- 
gree in every direction. 

Q. How is atmospheric pressure meas- 
ured? 

A. Atmospheric pressure is usually meas- 
ured by the mercurial barometer, consisting 
of a tube closed at the top, and in which 
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20 Steam Engine Catechish. 

the pressure of the air holds up a column of 
mercury which varies with that pressure. 
A column of mercury at 82** F., and one 
square inch in section, and 29.22 inches or 
76 centimeters high, weighs 14.7 Ihs. A 
62" F., the height of the mercurial column 
weighing 14.7 lbs. per square inch, is 30 
inches. A column of water at 62^ F., on 
square inch in area, and 83.947 feet, or 
10.347 meters high, also weighs 14.7 lbs.; 
and this is the maximum theoretical 
height to which a pump can draft 
water. 

Q. What is the difference between press- 
ure above atmosphere and pressure above 
vacuum? 

A. The ordinary pressure of the atmos- 
phere is 14.7 lbs. per square inch, at the sea 
level. At higher levels it is less. 

Q. What is "piston displacement?" 

A. Piston displacement is the volume 
"swept through" or "generated." by the 
piston during a complete single stroke. 

Q. How is piston displacement calcu« 
lated? 

A. Piston displacement is calculated by 
multiplying the area of the piston by its 
stroke expressed in the same kind of units 



Digitized by VjOOQIC 



Steam Engine Catechibm. 21 

—thus, area in square inches by stroke in 
inches, not by stroke in feet. 

In a 20 z 48 engine the piston area is 20 X 
20 X .7854 = 814.16 ♦ square inches, and the 
piston displacement is 814.16 X 4 —16079.- 
68 cubic inches — 8.72 + cubic feet. 

Q. What is initial cylinder pressure ? 

A. The initial cylinder pressure is the 
pressure in the cylinder at the beginning of 
the stroke ; it should be higher than that at 
any other point of the stroke. It may be 
expressed either above vacuum or above 
atmosphere; and is understood to be the 
latter unless stated to the contrary. The 
pressure is generally lowered toward the 
end of the stroke, in throttling engines, by 
wire drawing t and the throttling faction of 
the governor, in all engines having a cut-off 
by expansion;! and by leakage, cylinder 
condensation, etc. 

Q. What is back pressure or counterpress- 
ure? 

A. Back or counter pressure is the re- 
tarding pressure on the piston, during a 
stroke, and tending to lessen the effective 

*Thia is readily found by consulting the table of 
areas of cireles 

tSee under these heads. 
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23 Steam Enoiite Catechism. 

pressure and the work of the engine. In 
condensing engines it is reckoned above 
vacuum; and in non-condensing engines 
either above vacuum or above atmosphere, 
although the latter is understood if the 
former is not specified* 

Q. How high should the back pressure 
be? 

A. Back pressure should never exceed 8 
lbs. by the gauge, in non-condensing en- 
gines, and 7 lbs. above vacuum in condens- 
ing engines. 

Q. How may back pressure be les- 
sened and the power of an engine in^ 
creased? 

A. Non-condensing engines that are 
wasteful by reason of back pressure, may 
at times be made economical by the appli- 
cation of a condenser. 

The ideal diagram, Fig. 1, shows the pro- 
portions of work done by an engine with> 
out a condenser and by the condenser. 
Steam is cut-off at i stroke ; there is about 
4 lbs. back pressure, or 10.7 lbs. of vacuum ; 
the initial pressure is 84.7 lbs. above 
vacuum, or 20 lbs. by the gauge ; the ter^ 
minal pressure 17.85 lbs. absolute, or 8.65 
lbs. by the gauge. The condenser does 
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about half as much as is done without it, 
or about one-third of the whole work. 



e» FULL RTTA^i LlM^ fsTflilKB 



g^lTHDUr CONDF.ML-tli'i 










o 

Fia. 1. 

Q. Suppose it is not necessary to increase 
the power of the engine ? 

A. Then the condenser* will permit 
lower initial pressure, or slower speed, or 
earlier cut-off to give the same power. 

Q. What is average total pressure ? 

A. Average total pressure is the average 
pressure on one side of the piston, during a 

* See Condensing. 
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24 Steam Engine Catechism. 

whole stroke. Owing to throttling, wire* 
drawing, cylinder condensation, expansion^ 
etc. , it is always lower than initial pressure. 

Q. How may average total pressure be 
measured ? 

A. Av^age total pressure may be meas- 
ured by means of an '* indicator," which 
gives a "card" or diagram, the height of 
which may be measured on the proper 
scale at several equi-distant points and the 
average taken. 

Q. How may average total pressure be 
calculated? 

A. Average total pressure may be ob- 
tained by dividing the* stroke in feet into 
the difference between the clearance in 
feet and the period of admission plus clear- 
ance, times one, plus the hyperbolic loga- 
rithm * of the actual expansion rate ; and 
multiplying the quotent by the total initial 
pressure in pounds per square inch. 

As a formula : 
^_ P [r(l-fhyp.log.Jg-)--c] 
L 

For instance : we have initial cylinder 
pressure 80 lbs., by gauge (that is 94.7 lb& 

* See table of hyperbolic logarithms. 
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absolute); stroke, one foot ; cut oflP at J^ ; 
clearance, two per cent,; we have theact* 
ual expansion rate 

.25+.02 "" 
the hyperbolic logarithm of which is 1.8297; 
and the equation becomes 

94.7[.27(1 + 1.2897)~.023 _^^^^,^ 
^ 1 

Q, How may average total pressure be 
approximated ? 

A. Average total pressure may be ap- 
proximated by calculating the pressure at 
several equidistant points of the stroke, 
and averaging them. 

The theoretical pressure at any point of 
the stroke, where there is expansion, is 
practically inversely as the volume. Thus, 
if the cut-off is at J^ stroke, the terminal 
pressure will be J^ the pressure at cut-off, 
because the steam fills four times the vol- 
ume ; at i stroke, the pressure is 1, because 
the volume is doubled ; at i stroke it is J<^, 
the volume being three times as great, etc. 

Fig. 2 shows by an ideal diagram, the 
pressure above vacuum at beginning and at 
end of stroke, and at i and i stroke. 
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Q. What ie mean effective pressure ? 
A, The mean effective pressure on a 
piston is the difference between thb average 



^tftTtKSI« 




Fia. 2, 
total pressure and the average back press- 
ure ; both of these latter being reckoned 
from the same point. 

Q. What is final or terminal pressure ? 

A. Final or terminal pressure is some- 
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times considered as theactuiJ pressure at 
the end of the stroke ; but as in some cases 
exhaust takes place before the end of the 
stroke, the term might be applied to that 
what would have existed at the end of the 
stroke had not '' release " taken place before 
that point. 

Q. What is absolute pressure? 

A. Absolute pressure is pressure reckoned 
from the zero or absolute vacuum. Initial 
cylinder pressure, mean total pressure^ 
terminal pressure, and back pressure, all 
may be either " absolute " (that is above 
vacuum or zero) or "by the gauge " (which 
is the same thing as above atmosphere). 
Mean effective pressure is neither "abso- 
lute ** nor ** by the gauge." It is simply the 
difference between mean total and mean 
back pressures. 

Q. What is a high pressure engine ? 

A. The term "high-pressure engine" is a 
misnomer as applied to present practice. 
It once meant a non-condensing engine, 
which required high pressure to be at all 
economical. 

Q. What is a low-pressure engine ? 

A. A "low-pressure engine" was, in old 
days, one which used a condenser to reduce 
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the absolute back-pressure, hence permiN 
ing, and in fact almost requiring, the use 
of lower pressure steam than where the 
engine was run non-condensing. 

CLEABANCE. 

Q. What is clearance ? 

A. ''Clearance'* is the waste volume 
between the valve and the piston-head, at 
the beginning of the stroke. 

It is not simply the space between the 
piston-head and the cylinder-head, but runs 
up the passage to the valve. 

Q. What is the influence of clearance? 

A. The influence of clearance is to lessen 
the actual expansion rate.^ The shorter 
the stroke the greater the influence of a 
given clearance volume (the piston area be- 
ing the same.) 

It produces a higher terminal pressure 
for a given cut-off, or a less mean effective 
pressure for a given terminal. 

It also causes loss of steam from the ex- 
pansion and escape of steam in the clearance 
volume — when the exhaust takes place at a 
higher pressure than exists during refiurn 
stroke. 

* See this bead. 
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Cleazance is specially wasteful in con* 
densing engines, as in these there can be 
no compression. 

It may affect the goveniing, as where the 
cut-off is early, the steam in the clearance 
Tolume being proportionately large to the 
total volume admitted, tends to speed the 
engine under light loads. 

Figure 3 shows the ill effects of too 




FlO. 8.~£FFECTS OF CLEABAKCB. 
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much clearance, even where there is 
plenty of cushion. There are two ideal in- 
dicator cards t here, one enclosed by a full 
line, the other partly enclosed by dotted 
lines. In each there is cushion to initial 
pressure, but the difference in the cards 
with 1 per cent, and that with 5 per cent, 
clearance is very marked. 

Q. How may the evil effects of excessive 
clearance be lessened, and why? 

A. The evil effects of excessive clearance 
may be lessened by closing the exhaust 
valve before the end of the stroke, thus 
compressing the steam to as near as possi- 
ble the temperature and pressure in the 
steam-chest. 

Q. How much clearance is there generally 
in a steam-engine ? 

A. Slide-valve engines have more clear- 
ance than those with piston, poppet or 
** plug" valves. The shorter the stroke the 
greater the percentage of clearance. In 
some short stroke slide-valve engines it 
will run as high as twelve per cent., and in 
some long stroke engines with piston, pop- 
pet or plug valves, as low as two per cent, 

* See under head of " The Indicator." 
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Q. Is clearance necessary? 

A. It is impossible to construct an engine 
without some space between the valve and 
the cylinder. If these passages be given 
very small sectional area, they wire draw 
the steam ; if too large, they cause waste 
of efficiency. 

Cylinder clearance is left to prevent the 
piston-head striking the cylinder-head in 
case of lost motion at crank-pin or cross- 
head ; also in case there should be water in 
the cylinder. The higher the speed the 
more cylinder clearance necessary. 

The clearances of the three 18 in. x 48 in. 
engines tested at the Cincinnati engine 
tests of 1880 were as follows : 

Reynolds-Corliss, .0265 
Harris " .0193 

The Wheelock engine has two clearances, 
one for compression, .0142 of the pistoa 
displacement, and one for expansion, .0235, 
of the same volume. 

THE SLIDE VALVE. 

Q, What is a slide valve? 

A. A slide valve is a device employed to 
effect, regulate the admission and discharge 
of steam from the cylinder oi an engine. 
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and most often consisting of a plate sliding 
upon a ported seat. 

Q. What are the usual shape and style of 
a slide valve ? 

A. A slide valve is usually a flat plate 
having in the centre an arch with closed 
ends, between two *4egs" or **lips" or 
*• faces" having parallel edges. It is gener- 
ally slid in a direction exactly at right 
angles to these edges. This style is often 
called a **D" valve, 

Q. What name is given to these edges ? 

A. The outer ones or ends of the valve 
are known as the steam edges, and the 
inner ones, which bound the arch, are the 
exhaust edges. 

Thus referring to Fig. 4, page 36, repre- 
senting the simplest type of D valve, and 
also in all the other figures of the same set, 
we have the following terms : — 

AB.— Back leg. 

EC— Arch. 

CD.— Front leg. 

EF.— Back port. 

FG.— Back bridge. 

GH. — Exhaust port. 

HK.— Front bridge. 

KL.— Front port. 
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(The terms " front " and " back " as used 
in this case are merely relative. The front 
'>art of a horizontal stationary engine is the 
one nearest the crank ; the front port of a 
locomotive engine is the one farthest from 
the crank, whether the engine be running 
ahead or backwards. Vertical engines have 
neither "front" nor "back" ports; and 
some inclined engines may have the ports 
named almost any way). 

Q. What is the function or duty of the D 
valve? 

A. The D valve has for its duty, func- 
tion, or office putting each end of the engine 
cylinder in communication alternately 
with live steam in the steam chest, and 
also with either the open air as a condenser, 
according as the engine is a non-condensing 
or a condensing engine* 

Q. What arrangement of ports or pas- 
sages is necessary to effect this result ? 

A. To effect this result there are needed 
three passages : one from the steam chest 
into each end of the cylinder, and one be^ 
tween them leading from the steam chest 
into the open air (or the condenser). (The 
steam chest ends of these ports must ter- 
minate in a flat surface, called the valve- 
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seat, on which the valve slides ; and the 
ends of these passages or *' ports" must be 
parallel with the steam and exhaust edges 
of the valve, and generaUy at right angles 
to the line of motion of the valve. 

(In all cases where the term ** slide valve" 
is used, it will be understood that the plain 
slide valve is meant, having two lips or 
faces and one arch, and its steam and ex- 
haust edges parallel to each other, and at 
right angles to the line of motion.) 

Q. How does the slide valve etfect the 
alternate admission and exhaust of the 
steam from each end of the cylinder? 

A. The arch of the valve is of sufficient 
span, and its legs so proportioned, as to en- 
able it to make, during part of the move- 
ment, a communication between the central 
or exhaust port of the cylinder and one of 
the end ports (which do duty alternately 
as steam and exhaust passages), wnile 
dimng a portion of the movement the other 
end port is open to the ingress of the steam 
from the chest, which is in communication 
with the boiler. 

Q. What is the simplest type of D valve? 

A. The simplest type of D valve is that 
In which the arch has just enough span to 
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reach across the exhaust port and the two 
bridges or partitions, spaces between the 
steam and the exhaust ports, and the legs or 
lips are just as wide as the end or steam 
ports. (See Fig. 4.) 

Q. What is the ** travel," "throw" or 
*'stroke"of a valve? 

A. The travel, stroke or throw of a valve 
is the linear distance through which any 
part of it moves. In some cases it is fixed ; 
in others variable. When not otherwise 
specified it is understood as invariable. 

Q. How much travel should a D valve 
have? 

A. It is generally best that a D valve 
have as much travel as will permit the end 
ports to be completely uncovered. If, how- 
ever, this causes too much closing of the 
exhaust port by the exhaust edge of the 
valve the travel should be less, although 
this does not completely uncover tbci steam 
port. If the bridge is eo narrow as to make 
it necessary to cramp either the admission 
or the exhaust, or both, the choice must be 
made with good judgment, based on prin- 
ciples to be laid down later. 

Q. How is the D valve generally actu- 
ated? 
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A. The D valve is generally driven directly 
by an eccentric on the main shaft, although 
sometimes a rock-arm intervenes between 
the eccentric rod and the valve stem. 

Q. How else may the valve be moved ? 

A. The valve may be moved by a crank, 
which is in many senses a mechanical 
equivalent of the eccentric, or by a yoke 
and block ; or by tappets on the piston rod, 
or by a cam, or by steam. 

[Where not otherwise specified, the 
motion is supposed to be by an eccentric, 
without any rock-arm. Where a rock-aim 
is referred to it will be supposed to be 
equal armed, unless the contrary is stated.] 

Q. What is a lapless valve? 




u^'i n'- r- 




Fia. 4.- 



-LAPLESS valve, CENTRAL 
POSITION. 
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A. A lapless valve, or valve without lap, 
hi one in which the arch equals the exhaust 
port plus the bridges, and the legs or lipa 
equal the end ports. (See Figs. 4, 7 
and 9.) 

Q. When is a valve said to have out<side 
lap? 

A. A valve is said to have outside lap 



Fig. 5.— valve with only outside lap. 
central position. 

when its legs or lips pro ject beyond the end 
ports when it is in mid position. (See Figs. 
5, 6, 8, 10.) 

Q. When has a vaJve inside lap ? 

A. A valve has inside lap when its arch 
is shorter than the sum of the exhaust port 
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and the bridges; in which case the exhaust 




Fia. 6.— VALVE WITH BOTH OUTSIDE AND 
INSIDE LAP. CENTRAL POSITION. 

edges lap over the outer edge port of the 
bridges. (See Figs. 6, 9, 10.) 




Fia. 7.— LAPLESS VALVE. FULL TRAVEL. 

Q. How much * * seal " should be allowed ? 
A. The amount of seal to allow is entu*ely 



Digitized by VjOOQIC 



STEA3I Engine Catechism. 



89 



a matter of judgment, depending largely 
upon the straightness and sharpness of the 




Fig. 8.~lapless valve, over travel. 

edges of port and valve, and the general 
condition of the surfaces in contact. 




Fig. 9. — lapped valve, full t^ravel. 

Q. Suppose two valve-seats having equal 

steani ports and bridges, but one having, 
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wider exhaust x>ort than the other; what 
difference will be required in the valves ? 

A. If two valve-seats have the same 
bridges and steam jwrts, the one having 
the wider exhaust port will require a cor- 
respondingly wide arch. There will be no 
difference in travel, lap or point of cut-off. 

Q. Suppose two valve-seats having equal 
steam ports and exhaust port, but different 
bndge-width; what will be the difference 
in the valve and its action? 




WVi^^^yi'j'xx,^^,.,,^^ y^j 



Fia. 10.— LAPPED valve, over TfiAVEL. 

A. If the steam and exhaust ports are the 
same in both seats, the one having the 
wider bridges will require proportionately 
wider arch. There will be no difference in 
the lap or the point of cut-off; but the one 
on the wide bridge may have the longer 
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travel of the two, and this will give free 
admission. 

Q. If two valve-seats have the same ex- 
haust port and bridges, but different width 
of steam port, what difference need there 
be in the valves ? 

A. If the exhaust port and the bridges are 
the same in both seats, then the one having 
the wider steam ports will require propor- 
tionately wider hps. 

Q. What is steam lead ? 

A. Steam lead, generally known simply 
as " lead," refers to the position of the valve 
with reference to the piston, and not to any 




Fig. 11.— lapped valve, with steam lead. 

dimension of the valve. It is a term refer- 
ring to time aui] position, not to size and 
shape. A valve has lead when it is con< 
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Btantly a little ahead of the position it 
would occupy if the steam edge was ex- 
actly in line with the outer edge of the end 
port. (See Fig. 11.) 

Q. What is ** negative steam" or " nega- 
tive lead ? " 

A. ** Negative steam lead," or simply 
"negative lead" is a contradictory term, 
(somewhat as though we spoke of *' black 
whitewash") meanii3g that instead of the 
valve commencing to open for steam admis- 
sion before the piston has reached stroke- 
end, it does not commence to open until the 
piston has commenced the stroke. 

Q. How is it that wiih steam lead the pis- 
ton can reach the end of its stroke when 
the valve has commenced to let steam in 
against it ? 

A. When a valve has moderate steam 
lead, the amount of opening before stroke 
end is very slight; just enough to clear the 
** seal" of the steam edge and give a slight 
crack of opening; hence the amount of 
steam thus admitted against the advancing 
face of the piston is very slight ; not suffi- 
cient to overcome the momentimi of the 
piston rod and crosshead, etc., to say 
nothing of the momentum of the fly wheeL 
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Q. When a valve has " negative steam 
lead," what starts the piston on its stroke 
before there is any steam to drive it ? 

A. When a valve has negative lead, of 
course the inertia of the reciprocating parts 
would tend to hold the piston at stroke end 
and prevent a new stroke being commenced; 
but here the momentum of the rotating fly 
wheel comes into play and the reciprocat- 
ing parts are reversed and dragged along to 
commence the new stroke, until the val^e 
opens to let steam against the piston-face. 

Q. Is it essential that the lead shall be 
the same at both ends of the stroke ? 

A. Usually it is highly desirable that the 
lead shall be the same at both ends of the 
stroke ? 

Q. What is exhaust release ? 

A. Exhaust release, or simply ** release," 
is opening the port for exhaust. 

Q. What is cutting off? 

A. Cutting off is closing the port between 
the cylinder and the steam chest, so as to 
use the expansive pressure of the steam 
during part of the stroke, instead of having 
steam chest pressure throughout. 

Q. What is »* cushioning" or "compres- 
sion?" 
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A. Cushioning or compression is closing 
the end port between the cylinder and the 
exhaust port, so that the unexhausted 
steam shall be compressed by the advanc- 
ing piston, and its pressure increased. 

Q. What is the position of a lapless slide 
valve when the piston is at the end of its 
stroke supi>osing no lead? 

A. A lapless valve, if it has no lead, is 
exactly at its central or neutral position 
when the piston is at either end of its stroke. 
(See Fig. 12.) 

Q. In which direction does a lapless valve 
(without lead) move from its central x)osition 




Fig. 13.— lapless valve without lead. 

when the piston moves from the end gf the 
cylinder? 
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A. A lapless valve (without lead) starting 
from its central position (see Fig. 12) moves 
in the same direction as the piston until the 
piston is at mid-stroke, and then moves in 
the opposite direction while the piston 
finishes its stroke. . In other words, tho 
valve makes half a single stroke forwards 
and half a single stroke backwards, while 
the piston makes a whole single stroke 
forwards; and vice versd, 

Q. What is the position of a lapless valve 
(without lead) when the piston is at mid 
stroke? 

A. When the piston is at mid-stroke a 
lapless valve having no lead is at the end of 
its travel. 

Q. With a lapless valve what is the con- 
dition of the ports when the piston is at the 
back end of its stroke? 

A. With a lapless valve, when the piston 
is at back stroke, the back port is just about 
to open into the chest as a steam passage, 
and the front port is acting as an exhaust 
passage, communicating through the arch 
of the valve with the central exhaust port, 
and through it with the open air (or with 
the condenser). (See Fig. 12.) 

Q. When a valve has steam lap, what is 
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its position when the piston is at back 
stroke? 

A. When a valv^e has steam lap it is, 
when the piston is at back stroke, exactly 
or a trifle more than the length of its 
lap ahead of its neutral position. (See 
Fig. 11.) 

Q. When a valve has steam lap what is 
the condition of the ports when the piston 
is at back stroke ? 

A. With a lapped valve the ports are in 
the same condition as with one without lap.) 
(See Fig. 11,) 

Q. How should the eccentric be set, 
where the valve has neither outside lap nor 
lead? 

A. Wliere the valve has neither lead nor 
outside lap, the eccentric should be set 
90 deg. ahead of the crank if the engine is 
to run forward ; 90 deg. behind the crank 
if the engine is to run backward. (See 
Fig, 13.) 

(Where there is a rock arm the relative 
positions should be reversed ; that is, for a 
forward running engine the crank should 
be 90 deg. ahead of the eccentric, and if it 
is to run backward the crank should be 
90 deg. behind the eccentric.) 
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Q. Where there is steam lap and no lead 
how should the eccentric be set? 




■o 



■G 



Fig. 13.— positions op eccentric. 



A. Where there is steam lap and no lead 
the eccentric should be set so that the back 
steam edge of the valve lines with the back 
edge of the back end port, when the piston 
is at back stroke ; that is, when the crank is 
on the back centre. 

Q. When the engine is to have steam 
lead where should the eccentric be set ? 
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A. Where the engine is to have steam 
lead the eccentric should be set so that the 
back steam edge of the valve shall be in 
line with the back edge of the back port 
when the crank is just coming to its back 
centre ; that is, below if it is an over-run- 
ning engine, and above it runs ** imder" or 
backwards. 

Q. When should the valve be set ? 

A. The valve should be set when it and 
the chest and all parts of the engine are 
hot. 

Q. What alterations may be made in 
existing slide valves ? 

A. In existing slide valves the lead may 
be altered, inside lap added or removed, 
and outside lap added or removed ; in some 
cases the travel may be increased or les- 
sened. 

Q. How is lap best added? 

A. Lap is beat added by attaching truly 
planed metal strips by means of flush 
screws ; having previously trued the edges 
of the valve so that the new strips and the 
old valve-edges shall make a tight steam 
joint. 

Q. How is the lap best removed when 
excessive? 
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A. Inside lap is best removed by careful 
chipping to line and dressing with a file. ' 

Q. How is excessive outside lap best 
taken off ? 

A. Outside lap is best taken off by plan- 
ing. 

Q. How may valve seats be altered? 

A. Valve seats may be al tered by widening 
or narrowing either the exhaust or the end 
ports, by chipping away or adding to the 
outer edges of either of them, or by doing 
the same thing to the inner edges of the 
end ports, or by a combination of the above. 
In some cases the old seat is planed or 
chipped down sufficiently to allow of a 
new or ** false" seat having the desired 
ports to be fitted. This is frequently done 
in locomotive practice. 

Q. What might be given as a rule for 
proportionate width of steam and exhaust 
ports and bridges? 

A. We might say for steam ports and 
bridges each 1 in., and for exhaust port, li 
to 2 ins. 

Q. What is the least travel of a lapi)ed 
valve that will give full opening of the 
steam port ? 

A. The least travel of a lapped valve that 
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will give full opening of the steam port is 
equal to twice the lap plus twice the steam 
port width. 

Thus: steam port, li", lap, i", least 
travel, 2i -f- H — 4". 

Q. How much arch or span should the 
valve have ? 

A. If there is neither inside lap nor 
«* Inside clearance " (negative inside lap) the 
arch should be equal to the sum of the two 
bridges and the exhaust port. 

Thus; exhaust port 2", bridges 1 " each, 
then arch should be 2" + 2" — 4", less a 
small amoimt for seal. 

Q. To keep the steam port full open dur- 
ing any period of the travel, what should 
be done? 

A. To keep the steam port full open dur- 
ing any part of the stroke, make the travel 
greater than double the sum of the outside 
lap and steam port bridge, 

Q. How does increase of travel affect 
the compression ? 

A. Increase of travel retards compres- 
sion. 

Q. What is the effect on the exhaust 
release of increasing travel ? 

A. Greater travel gives later release. 
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Q, How does increased travel change 
the time of pre-admission, with a given 
lineal valve lead ? 

A. Keeping the lineal valve lead the 
same, increased travel delays pre-admis- 
sion. 

Q. What relation between travel and 
freedom of steam admission? 

A. More travel, freer steam admission 
up to the point where overtravel chokes 
the exhaust. 

Q. What effect has inside lap upon tb"^ 
time of admission ? 

A. Inside lap has no influence on steam 
admission. 

Q. How does inside lap affect the point 
of cut-off? 

A. Inside lap does not in any way affect 
the point of cut-off. 

Q. Does inside lap increase or diminish 
compression? , 

A. Inside lap hastens compression, hence 
increases it. 

Q. Does inside lap hasten or retard ex- 
haust release ? 

A. Inside lap retards exhaust release. 

Q. By what other name is inside lap 
known? 



Digitized by VjOOQIC 



52 Steam Engine Catechish. 

A. Inside lap is often known as ** exhaust 
lap," and sometimes as " exhaust cover," 
and "inside cover." 

Q. What effect has inside lap on the 
f reeness of admission of steam ? 

A. Inside lap makes no difference in the 
steam admission. 

Q. What effect has inside lap on freeness 
of exhaust? 

A. laside lap tends to choke the exhaust. 

Q. What effect has inside lap on the ex- 
pansion? 

A. Inside lap allows expansion to take 
place during a longer period than if there 
were none. 

Q. What effect has increase of outside 
lap on the cut-off and expansion? 

A. Increasing outside lap hastens cut-off 
and prolongs expansion. 

Q. Does increasing outside lap hasten oi 
retard compression ? 

A. Increasing outside lap has no effect on 
compression. 

Q. What effect has increasing outside 
lap, on exhaust release? 

A. Increase of outside lap neither hastens 
nor retards exhaust release. 

Q. How does increase of outside lap 
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affect pre-admission where the eccentric 
positions remain unchanged ? 

A. The more outside lap, the later admis- 
sion takes place. 

Q. How may retardation of cut-off, 
caused by increase of travel, be counter- 
acted ? 

A. If the cut-off is made later, by reason 
of increased travel, increased outside lap 
will neutralize this. 

Q. How may retardation of compres- 
sion, due to increase of travel, be neutral- 
ized? 

A. Delayed compression, caused by in- 
creased travel, may be corrected by more 
inside lap. 

Q. How may too late release, due to too 
much travel, be remedied ? 



r\ 



Fig. 14.— wide bridges. 

A. If the exhaust takes place too late, by 
reason of too much travel, the inside lap 
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may be cut out, if there is any, or if 
there is none, *' inside clearance " may be 
given. 

Q. What effect has "inside clearance," 
or "negative inside lap" on steam admis- 
mission and on point of cut-off? 



r 






V 



Fig. 15.— narrow brboqes, narrow 

EXHAUST. 

A. " Negative inside lap " has no influ- 
ence on either the time of admission or the 
point of cut-off. 

Q. What effect has "negative inside lap" 
on compression ? 




Fig. 16.— narrot^ bridges, wide exhaust. 
A. Negative inside lap delays compres- 



sion. 
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Q. How does negative inside lap affect 
exhaust release ? 

A. Negative exhaust lap hastens exhaust 
release. 

Q. What effect has increasing the lead, 
upon the various operations of the valve ? 

A. Giving more lead hastens every oper- 
ation of the valve. 

Q. What is** seal?" 

A. ** Seal " is a slight overlapping of the 
steam edges of a valve to prevent leakage. 

Q. How is " seal " best obtained ? 

A. " Seal " is best obtained by giving the 
valve less travel than the sum of the steam- 
ports and outside laps. 

Q. What relation between the lead re- 
quired and the speed ? 

A. The higher the speed the more lead 
required to cause smooth running. 

Q. Suppose there is no outside lap ? 

A. If there is no outside lap then there is 
no cut-off and no expansion. 

Q. Suppose there is no inside lap? 

A. If there is no inside lap compression 
at one end and release at the other are 
simultaneous. 

Q. If there is neither lap nor lead where 
should the eccentric be placed ? 
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A. Where there is neither lap nor lead, 
the eccentric should be at right angles to 
the crank and ahead of it. 

Q. If there is lap or lead where should 
the eccentric be ? 

A. Where there is lap or lead, the eccen- 
tric should be enough more than 90 deg. 
ahead of the crank to move the valve the 
length of the lap or lead. This increased 
angle of eccentric is called the ** angular 
advance," and is counted from the 00 deg. 
as zero— i.e., an angular advance of 30 deg. 
equals a total angle of 120 deg. of the ec- 
centric line ahead of cranks. 

Q. How may the evil effect of inside 
clearance, connecting the opposite ends of 
the cylinder, be counteracted? 

A. The evil effect of inside clearance, in 
connecting the opposite ends of the cylinder, 
may be prevented or cured by adding an 
equal amount to the steam-edge of the 
valve-lip. 

EXPANSION. 

Q. What is working steam expan- 
sively ? 

A. * * Working steam expansively is letting 
it into the working cylinder and cutting it 
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off before the piston has completed its 
stroke ; making less than a cylinder full of 
steam, by its expansive force, do more 
work than the same weight of steam would 
do if allowed to follow the piston under 
full initial pressure." * 

Q. If steam is cut off at half stroke of 
the piston, to what volume will it expand. 



T-raM i (luF 







'^ 



_ VAEUUHfLINE 



F 



and what will be its pressure at the end of 
the stroke? 

* ''Miller, Millwright and Millfurnisher,'* by 8am« 
author, p. 158. 
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A. If the steam is cut off at ^ stroke, it 
tends to expand to 3^ absolute pressure 
and double volume. Its expansion is said 
to be twofold, or it is said to have an ex- 
pansion rate of two. {This is supposing 
perfect expansion^ neglecting clearance, ivr 
temal condensation, and other influences 
which exist in practice,) 

Q. What is the pressure of the steam at 
% stroke, when it is cut off at J^ ? 

A. Where the steam is cut off at i «» | 
stroke, it will at f stroke have expanded 
f aa 1.5 fold ; and its pressure will be f 
that at the point of cut off. 

Q. What is the average pressure of the 
steam in the cylinder, with twofold ex- 
pansion? 

A. With twofold expansion the aver- 
age pressure above vacuum will be about 

1.69 

841^ 

2 

per cent, of the initial pressure above 
vacuum. 

Q. With cut off at i stroke, and two- 
fold expansion, what is the gain in powei 
of the engine ? 
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A. With twofold expansion, cutting off 
at V> there is no **gain in power," or in 
capacity of the engine. The "power" or 
"capacity" at that speed and initial pres- 
sure is lessened. With one-half the steam, 
a quantity of work equal to only 
1.69 

— SiH 

2 

per cent, of that done at full steam, is done ; 
but the gain in the work got out of a given 
toeight of steam is 69 per cent. 

Q. How may the power of the engine 
working until cut off at 1, be kept up to 
that when working without cut off ? 

A. The "capacity" or "power" of the 
engine working at i cut off, may be kept 
the same as when working with full steam, 
by increasing either the initial pressure 
above vacuum or the speed to 

100 

1.183 

84.5 

imes what it was when using full steam. 
For instance : if we have an engine mak- 
ing 80 revolutions per minute, and giving 
out 75 horse-power at 60 lbs., absolute pres- 
sure (above vacuum) at full stroke, and 
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we change it so as to cut off at half stroke, 
we would get only 75 X .845 X 63.4 horse- 
power; and we would have to raise the 
initial pressure above vacuum to 

60X75 

— 70.9 lbs. {— 56.2 lbs. by gauge) 

63.4 

or raise the speed to 80 h- .845 or 80 X 1.183 
-> 94.64 turns per minute, in order to get 
the original 75 horse-power. 




Q, With steam cut off at M stroke, and 
fourfold expansion, what should be the pres« 
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sure above vacuum, and the volume, at the 
end of the stroke? 

A. Cutting off at J^, the terminal pressure 
above vacuum should be }4 t^® initial 
pressure above vacuum, as the volume 
would be fourfold. (This is supposing that 
there was no clearance.) 

i^. Cutting off at )^, what would be the 
volume and absolute pressure at % stroke? 

A. Cutting off at \i, the volume and half 
stroke would be doubled, and the absolute 
pressure reduced to % what it was at cut 
off. 

Q. Cutting off at J^, what would be the 
absolute pressure at f stroke ? 

A. With cut off at 3€, the volume at 
f stroljo would be trebled, and the abso- 
lute pressure reduced to only i that at 
cut off. 

Q. Cutting off at }4, and expanding four- 
fold, what is the projwrtion between the 
work done during expansion, and that done 
during full steam? 

A. Cutting off at J^ and getting four-fold 
expansion, the work done durinpj the last 
f stroke, while expansion is taking place, 
is measured by the ** hyperbolic logarithm " 
of four, the expansion rate; this hyper* 
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bolic logaxithm of four being 1.3863. In 
other words, if the engine gave out 400 
horse-power with full steam, it should, with 
cut off at i, give out 100 horse-power dur- 
ing the i period of full steam, and 138.63 
horse-power during expansion ; total, 238.6 
horse-power, with i the steam required to 
to give out 400 horse-power. 

Q. Cutting off at J^, and expanding four- 
fold, what should be the average press- 
ure above vacuum during the whole 
stroke? 

A. Cutting off at i and expanding four- 
fold, the average pressure above vacuum 
during the whole stroke^ is calculated by 
dividing the expansion rate into one plus, 
the hyperbolic logarithm of the expansion 
rate; thus the average pressure above 
vacuum in this case would be 

2.386 

w^ .5965 times the initial 

4 

pressure above vacuum. 

Q. Cutting off at i, and expanding four- 
fold, what should be the average propor- 
tionate pressure above vacuum during ex* 
pansion f 

A. Cutting off at i, and expanding f oup 
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fold, the average proportionate pressure 
above vacuum duHng expansion is best ob- 
tained by dividing the byiierbolic loga- 
rithm of the expansion rate by the ratio 
between the ''full steam," and the '* ezpan- 
bion*' i)ortions of the stroke. Thus, the 
expansion part of the stroke in this case, is 
three times the full steam i)ortion ; and the 
average pressure during expansion should 
be 1.386 

— .462 times the initial pressure. 

3 

(This calculation, however, is of little or 
no use in practice.) 

It must be distinctly understood (1) that 
pressures must be reckoued above vacuum 
in calculating expansion ; (2) that the 
actual expansion rate cannot be obtained 
without knowing not only the clear- 
ance between the piston head and the cylin- 
der head at stroke end (when the engine 
is on the dead center) but the waste space 
in the steam passage, between the cylin- 
der and the valve-face ; (8) that the mean 
effective pressures are got by subtracting 
the mean back pressures above vacuum 
from the mean total pressures above 
vacuum. 
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The following table gives the mean total 
pressures with eight different actual ex- 
pansion lates, and at initial pressures 
ranging from 25 to 140 lbs. per square inch, 
reckoning above vacuum. 

Mean Total PRBSsnaEs of Exfaitoing Steak. 



Initial 


JctuaX Expansion Rates. 


Pt^ssure 










above 










Vacuum. 


1.883 


1.5 


1.625 


2. 


25 


24.130 


28.481 


22.93S 


21.164 


80 


28.956 


28.100 


27.524 


25.896 


35 


83.782 


82.784 


82.110 


29.630 


40 


88.608 


87.468 


86.700 


88 862 


45 


48.434 


42.215 


41.288 


88.09> 


50 


48.262 


46.885 


45.876 


42 828 


56 


53.088 


61.618 


60 462 


46.561 


60 


57.914 


56.202 


65.060 


50.794 


66 


62.740 


60.885 


59.637 


65.027 


70 


67.566 


65.569 


64.225 


69.260 


76 


72.393 


70.2-)2 


68.812 


08.493 


80 


77.216 


74.936 


73.400 


67.726 


86 


82.012 


79.619 


77.987 


71 959 


90 


86.866 


85.303 


82.574 


76 182 


05 


91.699 


89.986 


87.168 


80.425 


100 


96.524 


93.670 


91.750 


84.657 


105 


101.35 


98 853 


96.837 


88.890 


110 


106.17 


103.04 


100.92 


93 123 


115 


111.00 


107.72 


105.51 


97 356 


120 


115.88 


112.40 


110.10 


101 59 


125 


120 65 


117.08 


114.68 


105.82 


130 


125 48 


121.77 


119.27 


110.05 


185 


180.80 


126.45 


128.86 


114.28 


140 


135.18 


131.18 


128.45 


118.62 
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Mkan Total Pressures of Expandino STBA]i.~Con. 



Initial 


Actual Expansion Bates. 


Pressure 










above 










Vacuum. 


2.666 


8 


4 


8 


25 


18.567 


17.488 


14 918 


96232 


80 


22.830 


20.98C5 


17.697 


11.548 


85 


25.992 


84.484 


20 8-0 


18.473 


40 


29.706 


27.982 


28 862 


15.397 


45 


88 420 


81.479 


26H44 


17.821 


50 


37,138 


84.977 


29.828 


19.246 


65 


40.846 


j}8.474 


82.811 


21.170 


60 


44.459 


41.9?2 


85.794 


23.095 


65 


48.278 


45.4r0 


88.777 


25 020 


70 


61.986 


48.967 


41.760 


26.944 


75 


65.700 


62.40 » 


44.748 


28 869 


80 


69.418 


55.968 


47.726 


80.794 


&5 


68.126 


69.461 


50.709 


82.718 


90 


66.840 


62.958 


58 692 


84 648 


96 


70.65J 


66.456 


56.676 


86.668 


100 


74.267 


69.954 


59.657 


88.498 


105 


77.931 


73.461 


C2.640 


40.417 


110 


81.694 


76.949 


65.622 


40.842 


115 


^5 407 


80.477 


68.606 


44.267 


120 


89.121 


88.944 


71.689 


46.191 


125 


92.884 


87.442 


74.672 


48 116 


130 


96.548 


90.940 


77.655 


60.041 


185 


100.26 


94.487 


80.588 


51.966 


140 


108.97 


97.935 


83 620 


68.890 



The foregoing table is prepared without 
any consideration of clearance, and is mere- 
ly a somewhat close approximation, of use 
for engines having but slight clearance^ 
Bay 2 per cent. 
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Q. What, is " initial expansion ? " 

A. Initial expansion is the expansion in 
volume which takes place during steam 
admission and before cut off. 

Q. Is initial expansion desirable ? 

A. Initial expansion is desirable in a 
throttling engine; and sometimes when 
the steam is wet, with an automatic cut 
off. 

Q. With two-fold exx>ansion cutting off 
at one-half, how much gain of power is 
there by expansion, that is, how much 
work is done during expansion as com- 
pared with that done at full pressure ? 

A. When the cut off is at one-half and the 
expansion two fold, the work done during 
expansion is 0.69 that during full steam, 
and the gain in work done per pound of 
steam is, therefore 69 per cent. 

Q. Under what conditions do clearance 
and waste volume have the most influ- 
ence ? 

A. The shorter the stroke and the earlier 
the cut off, the greater the influence of a 
given clearance and waste volume (not 
proportion) in the expansion rate ; and the 
earlier the cut off the greater the influence 
of a given proportion of clearance and 
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waste volume compared with the piston- 
displacement. 

Thus the illustration given on page 29 
shows the ill effects of too much' clearance 
even where there is plenty of cushion. 

The card with 5 per cent, clearance has the 
higher terminal pressiire, but there is more 
than enough excess of loss of power by 
cushion to the same amount, .to counter- 
balance the greater terminal pressure. The 
excess of the card having full expansion 
line in that part bounded by the expansion 
line, is more than made up by its deficit 
at the "cushion end" of the card. 

Q. What is actual expansion ratio ? 

A. Actual expansion ratio takes into ac- 
count the influence of clearance in the 
cylinder and in the steam passages, in less- 
ening the nominal expansion rate. Thus, 
with cut off at 3€ stroke and clearance 
spaces at each end equal to 2^ of the piston 
displacement, the actual expansion rate is 

only 

1. + .02 

3.78 

.25 4- .02 

The accompanying table, published only 
in part before, was calculated for the 
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author's use. It shows the actual expan- 
sion rates (neglecting piston rod area 
throttling, wire-drawing, internal conden- 
sation, condensation from radiation, &c.,) at 
various cut off rates and for various per- 
centages of clearance and waste space. 

It would be utterly impossible to con- 
struct a table large enough to include every 
combination of clearance space and point 
of cut-oft found in actual practice. The 
author recommends that the reader (to see 
that he has the rule correctly) calculate 
for himself the actual expansion rates 
corresponding to the clearance and the 
point of cut-off nearest those of his own 
engine ; and that then, after learning the 
clearance of his own engine exactly, he 
calculate the actual expansion rate for the 
f uU range of points of cut-oflf possible for 
that engine, advancing by hundredths of 
the*stroke. 
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TABLE OF ACTUAL EXPANSION RATES. 




POINTS OW CUT OIV. 


£^ 


.10 


.185 


.20 


.85 


.SO 


.sss 


.176 


.40 


.01 
.0125 
.0150 
.0175 


9.181 

8.828 
8.630 


7.481 
7.863 
7.25 
7.133 


4.809 
4.764 
4.720 
4.677 


8.884 
3.875 
3.830 
3.808 


8.258 
8.24 
8.222 
8.204 


2.944 
2.980 
2.916 
2.902 


S.628 
2.612 
2.6(W 
2.692 


2.468 
2.464 
2.445 
2.486 


.02 
.0225 
.0230 
.0275 


8.5 17.084 
8.8466.982 
8.2 |6.883 
8.08816.788 


4.635 
4.595 
4.555 
4.516 


8.777 
3.75« 
8.727 
8.702 


8.187 
8.170 
8.158 
8.187 


2.889 
2.876 
2.868 
2.850 


2.582 
2.674 
2.562 
2.662 


2.428 
2.420 
2.411 
2.408 


.03 
.0325 
.0830 
0375 


7.9836.646 
7.792;6.555 
7.666 6.468 
7.545|6.890 


4.417 
4.440 
4.404 
4.484 


8 678 
8.654 
8.631 
3.608 


8.121 
8.105 
8.089 
8.074 


2.887 
2.824 
2.812 
2.800 


2.648 
2.688 
2.624 
2,616 


2.896 

2.387 
2.379 
2.871 


.0425 
.0450 
.0475 


7.428 6.803 
7.815,6.229 
7.206 6.147 
7.102|6.082 


4.833 
4298 
4.256 
4.232 


3.58 
3.564 
3.542 
3.521 


3.058 
3.048 
8.028 
3.014 


2.788 
2 776 
2.764 
2.752 


2.506 
2.497 
2.488 
2.479 


2.863 
2.856 
2.848 
2.840 


.05 
.0525 
.0R5f> 
.0575 


7. |6. 
6.9015.985 
6.806 5.861 
6.714,5.794 


4.2 

4.168 
4.130 
4.106 


3.5 
3.478 
3.459 
3.439 


8. 

2.986 
2.971 
2.957 


2.741 
2.780 
2..719 
2.706 


2.470 
2.461 
2.458 

i8.445 


2.888 
2.325 
2.818 
2.311 


.06 6.625 6.729 
.0825 6.588 5.606 
.0650!6.4.'54|5.605 
.0675 6.87315.545 


4.076 
4.047 
4.045 
8.990 


8.418 
8.407 
3.880 
8.862 


2.944 
2.931 
2.917 
2.904 


2.697 
2.686 
2.675 
2665 


2.486 
2.428 
2.420 
2.412 


2.804 
2.297 
8.390 
2.283 


.07 


6.204| 


5.482 


8.968 


8.842 


2.892 


2.066 


2.404 


2.878 
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TABLE OF ACTUAL EXPANSION RATES. 


il 


POINTS OF OCT OFF. 


.60 


.60 


.6S6 


.70 


.75 


.80 


.87l» 


.90 


.01 
.0125 
.0100 
.0175 


1.983 
1.975 
1 970 
1.966 


1.655 
1.653 
1.650 
1.647 


1.500 
1.588 
1.5b5 
1.683 


1.422 
1.4X51 
1.419 
1.418 


1.828 
1.3^ 
1.326 
1.325 


1.246 
1.246 
1.246 
1.244 


1.141 
1.140 
1.140 
1.140 


1.109 
1.109 
1.109 
1.108 


.02 
.0225 
.0250 
.0275 


1.9611.645 
1.9561.642 
1.9521.640 
1.947J1.637 


1 681 
1.579 
1.576 
1.574 

1.672 
1.670 
1.568 
1.566 


1.416 
1.415 
1.413 
1.412 

1.410 
1.409 
1.408 
1.406 


1.885 
1.822 


1.248 1.138 
1.243' 1 138 
1.242, 1.138 
1.241 1.188 


1.108 
1.108 
1.108 
1.107 


.03 
0326 
.0350 
.0375 


1.943 
1.9;38 
1.934 
1.930 

1.925 
1.921 
1.917 
1.913 

1.907 
1.904 
1.900 
1.896 


1.634 
1.632 
1.629 
1.627 

1.6>5 
1.622 
1.8-20 
1.617 


1.320 
1.819 
1.818 
1 817 


1.240' 1.188 
1.240i 1.188 
1.289' 1.187 
1.2b8 1.186 


1.107 
1.107 
1.106 
1.106 


.04 
.0425 
.0450 
.0475 


1.668 
1.561 
1.669 
1.557 


1.405 
1.404 
1.402 
1.401 


1.816 
1.315 
1.314 
1.313 


1.288 1.136 
1.237 1..86 
1.236 1 18.-) 
1.235 1.136 


1.106 
1.106 
1.105 
1.105 


.05 
.0525 

.0550 
.0575 


1.615 
1.618 
1.610 
1.608 


1.655 
1.653 
1.551 
1.549 


1.400 
1.398 
1.897 
1.896 


1.312 
1.311 
1 310 
1.309 


1.235 
1.264 
1.233 
1.238 


1 135 
1.184 
1.1.34 
1.184 


1.105 
1.104 
1.104 
1.104 


.06 

.0635 

.0650 

.0675 


1.892 

1.888 
1.884 
1.881 


1.606 
1.603 
1.601 
1.699 


1.547 
1.545 
1.543 
1.541 


1.394 

1 sm 

1.3^2 
1.890 


1.308 
1.307 
1.306 
1.305 


1.^32 
1.231 
1.2S1 

1.230 


1.133 
1.1S8 
1.132 
1.182 


1.104 
1.108 
1.103 
1.108 


.07 


1.877 


1.597 


1.539 


1.389 


1.804 


1.229 


1.188 


1.108 
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Q. What is nominal expansion ratio ? 

A. Nominal expansion ratio is the pro* 
portion between the full stroke of the pis- 
ton and that portion of the stroke dming 
which the steam is not cut off. Thus, 
where the steam is cut off at ^ stroke, the 
nominal expansion rate is 4. 

Q. How early may a slide valve cut off, 
and why ? 

A. The ordinary D valve cannot cut off 
earlier than f^ stroke without cramping 
the exhaust (unless it has ** negative lead,") 
and ^ is a more common point. 

Q. What is the maximum grade of ex- 
pansion with an ordinary slide-valve en- 
gine? 

A. The maximum grade of expansion, 
allowing the cut off to be at % — .625 stroke, 
would be { — 1.6, without allowing for 
clearance ; and allowing 5 % for clearance 
at each end, this is reduced to 

1. + .05 

1.5555 

.635 H- .05 

Q. How late can the Corliss type of auto- 
matic engines cut off ? 

A. Some of the Corliss types cannot cut 
off later than t : others as lat<^ as V. 
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Q. Why is it that some automatic engines 
can cut off later than % ? 

A. As a general thing, automatic engines 
have a fixed cut-off at some definite maxi- 
mum point; and if earlier cut-off be de- 
sired, it is effected by an auxiliary 
(or special cut-off) valve, or by a device 
which closes the admission earlier than 
the regular positive motion would affect 
it. 

In some engines (having only a single 
eccentric releasing gear) the governor can 
control the time of release only during 
the opening of the valve (necessarily 
daring the first half of the stroke), and 
if the cut-off is not effected before mid- 
stroke it will not occur at all during that 
stroke. 

Q. When the steam is expanded be- 
low the atmospheric pressure, in a 
non-condensing engine, what is the re- 
sult? 

A. When the steam is exhausted below 
the atmospheric pressure in a non-condens- 
ing engine, there is a return of steam from 
the exhaust passages into the cylinder. 
This condition of affairs is shown in the 
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figure (in which please note that there is no 
allowance for clearance). 




(In all the foregoing there is no allow* 
ance made for compression.) 

THE CONDENSER. 

Q. What is a jet condenser? 
A. A jet condenser is one in which the 
exhaust steam is condensed by actual con" 
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tact with a jet or spray of cold water in- 
jected by a pump or by other means. 

Q. What is a surface condenser? 

A. A surface condenser is one in which 
the exhaust steam is condensed by contact 
with the walls of tubes or sheets, kept cold 
by a constant circulation of water. 

Q. How much improvement ought to be 
made in the duty by adding a condenser? 

A. A good condenser will add for sta- 
tionary about 10 lbs. and for marine 14 lbs. 
to the mean effective pressure, with the 
same terminal pressure, or will give the 
same mean effective pressure with corres- 
pondingly less terminal pressure. 

Q. What is the advantage of the surface 
condenser? 

A. The surface condenser allows the 
same feed water to be used over and over 
again, where pure or soft water is scarce. 

Q. What is the objection to surface con- 
densers? 

A. The objection to surface condensers 
is that they are apt to cause corrosion of 
the boilers— especially where animal oils 
are used for steam chest and cylinder lubri- 
cation. 

Q. Should the jet condenser be kept at 
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a low temperature when the feed water is 
taken from it? 

A. Where the feed is taken from the 
condenser overflow it may best have its 
temperature raised by passing through a 
coil where it will be further heated by the 
gases of combustion. 

Q. How much injection water will be 
required in a jet condenser to maintain a 
good vacuum and not let the temperature 
get too high ? 

A. About 25 times the weight of the feed 
water may be counted on. 

Q. Where is the gain in the use of a con- 
denser most marked ? 

A. The gain in the use of a condenser 
is most marked when the piston area is 
large. 

Q. What should be the temperature 
of the condensation water with a jet cen- 
denser? 

A. The temperature of the condensation 
water with jet condensation should not 
exceed 120 deg. F (— 84i deg. C.) and 
might very well be about 105 deg. F. (^ 
76 deg. C. The best results are obtained 
from a range between 108 deg. and 110 
deg. F. 
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Q. How much heat tHU a pound of steam 
carry to the condenser? 

A. If there is a backpressure of 10 lbs. 
absolute (4.7 lbs. vacuum) then there will be 
in it 1140.89 thermal units above 82 deg. ; 
if the best well discharge is at 100 deg., 
the condenser takes 1040.89 thermal 
units. 

Q. How much condensing water is re- 
quired per hour per horse-power. 

A. The amount of condensing water per 
hour per horse power varies. The colder 
the water the less required. Saj exhaust 
steam is at 10 lbs. absolute back pressure 
and the injection water is at 60 deg. and 
hot well discharge 100 deg., then each 
poimdof water absorbs 40 thermal imits. 
Exhaust at 10 lbs. absolute has 1140.89 
thermal units, then the condenser gets 
1140.89 — 100 — 1040.89 thermal units per 
pound of steam, and there will be needed 

1040.89 

36.022 lbs. 

40 

of injection water for every pound of 
steam. If there were used 23 lbs. of 
steam per hour per horse-power, then there 
will be needed say 28 X 26.022 . about 600 
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lbs. of injection water per hour per horse* 
i)ower, — 

eoo 

— or 10 lbs. 
60 

per minute per horse-power, 

10 

— or H gallons per minute per horse* 

8.5 

power. 

With injection water at 80 deg. F, there 
would be needed 

1040.89 

52.045 lbs. 

IGO- — 80° 

of injection water for each pound of steam, 
or 

52.045 X 23 

^2.347 gals. 

60 X 8.5 
per minute per horse-power. 

Q. What is the simplest form of conden* 
ser? 

A. The simplest form is the *' siphon con- 
denser." 

Q. How much water does a siphon con- 
denser require ? 
A. A Wheelock siphon condenser re* 
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quires about 1 gallon of condensing watei 
per minute per horse-power. 

Q. What is a desirable feature in a siphon 
condenser ? 

A. A desirable feature in a siphon con- 
denser is adjustability of vacuum and 
capacity. 

Q. Upon what does tlie gain of power by 
the use of a condenser depend ? 

A. The gain by using a condenser depends 
supon the back and mean effective pres- 
cures, prior to adding the condenser ; upon 
the degree of vacuum obtained, and upon 
the amount of power required to operate 
the condenser. 

Q. How does the load on the engine 
affect the proportionate gain by the con- 
denser? 

A. The greater the load the less the pro- 
portionate gain by condensing. 

Q. How does the back pressure affect 
the proportion of gain by using a con- 
denser? 

A. The greater the back pressure before 
using a condenser, the greater the economy 
in its use. 

Q. How much water is required to opep 
ate a condenser ? 
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A. It is usually rated that a condenser 
requires one to two gallons per minute per 
horse-power. 

Q. What effect has the tempera- 
ture of the condensing water ui>on the 
capacity and economy of the conden- 
ser. 

A. The colder the injection water, the 
greater the capacity and economy of a 
condenser, if the water supply is at all 
limited. 

Q. Why are high steam pressures adyan- 
tageous? 

A. High steam pressures are advan- 
tageous because the proportion of heat re- 
quired to raise water to steam at 
atmospheric pressure, compared with that 
required to bring • it to working press- 
ure, is less with high than with low press- 
ures. 

Q. What are the objections to very high 
initial pressure and early cue off ? 

A. The objections to very high initial 
pressure and early cut off are the shocks 
upon the moving parts, the decomposition 
of lubricants, increased leakages, and 
larger cost for cylinder, framing and 
foundation. 
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Q. Which are the more economical, 
large or small engines? 

For the same proportionate load, large 
engines are the most economical. Thus, a 
lOO-horse engine, cutting oflf at }4f would 
he more economical than two 50*6 with 
the same expansion rates and general de- 
sign. 

Q. In a non-condensing engine, how may 
we get the best economy with a given 
boiler pressure ? 

A. We may get out of a non-condensing 
engine the best possible duty with a given 
boiler pressure, by keeping the full pressure 
clear up to the point of cut-oflf, and ex- 
panding down nearly to the atmospheric 
pressure (supposing free exhaust and ad- 
mission, and minimum clearance, friction, 
leakage and condensation). 

Q. What are the results of too light 
loads? 

A. The results of too light loads (or too 
large engines) are excessive internal con- 
densation, and in some cases expansion be- 
low the atmospheric pressure, making a 
partial vacuum on what should be the 
working side of the piston, dragging on the 
fly wheel. 
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Q. When is the best economy attained? 

A. The best economy is considered by 
most engineers to be attained ** when the 
mean effective pressure is highest relatively 
to the terminal pressure." 

Q. What is the exact measure of the 
work done by an engine ? 

A. The exact measure of the work done 
is the mean effective pressure. 

Q. What is the measure of the steam 
consumption of the engine? 

A. The steam consumption may be meas- 
ured by the terminal pressure.* 

Q. What is the effect of early exhaust 
closure on steam consumption ? 

A. Early exhaust closure saves steam. 

Q. What is the effect of exhausting from 
the clearance at a pressure greater than the 
back pressure? 

A. Exhausting from the clearance at a 
pressure greater than the back pressure 
wastes steam. 

Q. How may the water consiimption of 
an engine be calculated? 

A. The water consumption of an engine 
in pounds per hour, may be calculated by 

* See definitions of Fressnres, page 21. 
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dividing 859,375 by the volume, of steam at 
the terminal pressure, and by the mean 
effective pressure. 

Q. How is the eco^omy of a steam engine 
expressed ? 

A. The * * economy "or * * duty " of a steam 
engine ought to be expressed in pounds of 
water consumed per hour per horse power, 
and not in pounds of coal. 

Q. Why should the economy be expressed 
in pounds of steam (or water) rather than 
in pounds of fuel per hour per horse- 
power? 

A. The amount of coal or other fuel per 
hour used to generate steam for an engine of 
any stated horse-power depends on condi- 
tions entirely independent of the engine 
which uses the steam — such, for instance, as 
the kind, size, proportions and condition of 
boiJer, the way it is f et and fired, the kind 
and temperature of the feed water, the 
draft, the kind of fuel, the dryness of the 
steam, etc, 

Q. Which are the most economical, high 
or low initial cylinder pressures ; and 
why? 

A. High pressures are the most econom- 
ical, because the proportion of lost heat and 
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pressure in the exhaust to the total pressure 
is less. 

Q. What are the advantages of dry 
steam ? 

A. Water in the steam not only lessens 
the capacity and duty of the engine, but is 
dangerous to the cylinder heads. 

Q. How may the danger from water in 
the cylinder be lessened ? 

A. (1) By lagging the steam pipe ; (2) by 
having the exhaust at the side or under- 
neath ; (3) by having a ** pop-piece" in the 
head, much weaker than the rest of the 
head, and put in like a hand-hole plate, so 
that in case of over-pressure it will give 
way and relieve the pressure. 

Q. What are the relative economies of 
steam at various grades of expansion ? 

A. The relative economies of steam at 
various grades of expansion are given in 
the accompany large table from D. K. 
Clark; the clearance being assumed at 7 ^ 
at each end of the stroke, which corres- 
I)onds to actual practise in a great many 
slide-valve engines: 
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Expansive Working of Steam: -Actual Ratios of Ex- 

pansiofij with the Relative Periods of Admission^ 

Pressures, and Performance. 

Clearance at each end of Cylinder, 7 per cent, of stroke. 

(SIKOLB CTUNDEBS.) 
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Expansive Working of Steam:— Actual Ratios of Ex- 
pansion, with the Relative Periods of Admission, 
Pressures, and Performance. 

Qearanoe at each end of Cylinder, 7 per cent, of stroke. 

(SCraiiB CTIJNDEBS.) 
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Q. How has the economy of superheat- 
ing steam been calculated? 

A. Rankine calculates that in an engine 
taking steam at 34 gauge lbs., and expand- 
ing five-fold, there is 15;^ economy in super- 
heating the steam from 257 deg. to 428 
deg. F., not using waste heat to superheat 
.7th. Superheating with waste heat, the 
gain becomes 23^. 

Q. Where is steam jacketing least effect- 
ive, and why? 

A. Steam jacketing is less effective in 
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cylinders of great diameter and quick 
stroke, as the heat from the jacket does 
not penetrate to the centre of the cylinder 
soon enough to prevent internal condensa- 
tion. 

Q. Can a steam jacket be an advantage 
without increasing the economy ? 

A. A steam jacket may, without saving 
any steam, increase the capacity of a small 
engine, by bringing the mean effective 
pressure higher. 

Q. Where is steam jacketing effected ? 

A. Steam jacketing is most usually 
effected on sides and ends of cylinders, 
though sometimes it is omitted from the 
cylinder heads, and occasionally the pis- 
tons are made hollow and kept full of live 
steam. 

Q. What are the relative theoretical 
economies of steam at various pressures 
in a non-condensing engine? 

A. The following table gives the mean 
effective pressures, pounds of water per 
hour per horse-power, gain of pow^r, and 
economy of fuel, for various initial cylin- 
der pressures above atmosphere, with cut* 
off at i:— 
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TABLE SHOWma ADYANTAaSS OF UBINa 
HIQH PBBSSURES. 

(Non-condeDflln^ engine catting off at one^ixth 
stroke.) 
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Q. What is superheated steam ? 

A. Referring to the definition of saturated 
steam : '* When a body of saturated steam 
is isolated from water in a space of 
fixed dimensions, if an additional quantity 
of heat be supplied '* to it, it ** becomes 
superheated, and the temperature and 
pressure are increased, while the density 
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is not increased.'' Steam, thus surcharged 
with heat, approaches to the condition of a 
perfect gas. 

Q. What is the advantage of superheating 
steam? 

A. The advantage of superheating steam 
is to lessen internal condensation. 

Q. What is the disadvantage of super- 
heating steam ? 

A. The disadvantages of superheated 
steam are that it is more dangerous, re- 
quires greater caution in handling, and 
causes excessive leakage, wear and tear. 

Q. Is a steam jacket advantageous? 

A. The ste£Lm jacket is advantageous for 
early cut-off and high grades of expansion 
— say cut-off below i stroke. 

THE INDICATOE. 

Q. Does a correct diagram curve nec- 
essarily show an economical engine? 

A. A correct curve is not proof positive 
of an economical engine, since leakage out 
may balance leakage in, and not affect the 
diagram. 

Q. Does an incorrect or " bad" indicator 
diagram necessarily denote a wasteful en- 
gine? 
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A. An incorrect indicator diagram (if 
correctly taken) of necessity denotes that 
the engine is at least as wasteful as the dia- 
gram shows it to be, and perhaps more so. 

Q. What are some of the uses of the in- 
dicator? 

A. The indicator shows the performance, 
condition, power and economy of the steam 
engine ; the power wasted by want of lu- 
brication, improper alignment of shafting, 
badly designed gearing, slip, or excessive 
tightening of belts. It can be used to reg- 
ister the amount of power consumed by 
each tenant or machine ; detects careless- 
ness or incapacity of the engine runners 
points out leaks, chokes, bad packing, con- 
densation, uneven or badly-timed valve 
motion, etc. 

Q. Are there any other means of meas- 
uring power ? 

A. '*The Prony Brake," or friction brake, 
and the belt or pulley dynamometer meas- 
ure with sufficient accuracy the power 
developed by a motor, are invaluable to 
check the indicator, and measure the power 
ot water-wheels and windmills, to which 
the indicator cannot be applied. 

(Cases are frequent where a turbine, guar- 
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anteed to develop 85 per cent, of a water* 
power, is proved by the brake or the 
dynamometer to give less than 50 per 
cent.) 

Q. Is there any commercial use for the 
indicator ? 

A. Engines rated by their builders at 
100 horse-power with 22i lbs. of steam per 
hour per horse-power are sometimes found 
by' indicator or brake to develop but 75 
horse-power, consuming 30 pounds of steam 
hourly. In each case 2,250 pounds of steam 
is used, and probably 250 pounds of coal 
burned; but in the second instance both 
power and economy are too low, and might 
sometimes be brought to proper capacity and 
duty simply by resetting the valves. 

A saving of 10 per cent, in cost of lubri- 
cants has been shown by the indicator to 
cause an increase of 10 per cent, in the 
more important item of coal. 

Power lessees paying for 50 horse-power 
sometimes get but 30; and others, while pay- 
ing for only 80, use 50. Lawsuits from these 
causes are frequent, and bad feeling, an- 
noyance and pecuniary loss much more so. 

Q. What economy is there in heating the 
feed water? 
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A. The following table is given as show- 
ing the saving in heating to difiercnt tem- 
peratures from various temperatures. 

[Sometimes these theoretically calculated 
savings are not reached; sometimes they 
are somewhat exceeded; the latter case, 
where heating the feed water causes deposit 
of scale or of mud in the feed-heater in- 
stead of in the boiler.] 



TABLE SHOWING SAVING BY HEATING THE 
FEED WATER. 
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IZIITIAL TEMPERATURE OV THE VKED 


WAIEB. 














Is 


82® 


40® 


50® 


60® 


70® 


80« 


60® 


2.39 
4.00 


1.71 
3.48 


0.86 
2.59 








80® 


1.75 


0.88 




100® 


5.79 


5.14 


4.32 3.49 


2.64 


1.78 


120® 


7.50 


6.85 


6.05 5.23 


4.40 


3.55 


140® 


9.20 


8.57 


7.771 6.971 6.15 


5.82 


160® 


10.90 


10.28 


9.50! 8.72' 7.01 


7.09 


180® 


12.60 


12.00,11.2310.461 9.68 


8.87 


200® 


14.80 


13.71 


13.0012.i>0,11.43 


10.65 


220® 


16.00 


15.42 


14. 70tl4. 00113.19 


12.38 


840® 


17.79 


17.13 


16.42 
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14.96 


14.20 
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TABLE SHOWING SAVING BY HEATING THE 
FEED WATER.— Cantinued. 



Si 


INITIA. TEXPEiUTURB OF THE FEED WATER. 


^« 


90^ 


100« 


120« 


140^ 


160^ 


180° 


200° 


60° 
















80° 
















100° 


0.90 
2.68 
4.49 
6.26 














120° 


i.80 
3.61 
5.42 












140° 
160° 


1.84 
3.67 
5.52 
7.36 
9.20 
11.05 


*i.87 
8.75 
5.62 
7.50 
9.37 








180° 


8.06! 7.23 


1.91 
3.82 
5.73 
7.64 






200° 
220° 
240° 


9.85 
11.64 
13.43 


9.03 
10.84 
12.65 


1.96 
8.93 
5.90 


1.98 
3.97 



HORSE-POWEE. 

Q. What axe the elements absolutely re- 
quired in order to calculate the horse-power 
of an engine ? 

A. In order to calculate the horse-power 
of an engine we must know the following 
elements: 

. Mean effective pressure. 

Length of stroke. 

Area of piston. 

Rotation speed. 
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Q. How much deduction from the calcu- 
lated horse-power of an engine should be 
made for friction, cylinder condensation, 
leakage, &c.? 

A. The deduction for friction, leakage, 
cylinder condensation, &c., varies. The 
larger and better the engine and the better 
its condition, the less the allowance. As a 
rough figure, say from 20 per cent, down to 
12i per cent. ; or ^ to i. 

The design of the engine greatly influ- 
ences the amount of friction. In the sup- 
plement to this work [now (January, 
1886) in type and to be shortly issued, uni- 
form in size, style and price with this vol- 
ume, by the same publishers] the marked 
influence of the position of the fly-wheel 
and of the engine design (whether vertical 
or horizontal, etc.) is shown, from actual 
experiments on a practical scale. 

Q. How large an engine will give, say, 
18 horse-power? 

A. As the horse-power of an engine de- 
pends upon so maay elements, this question 
cannot be answered in a general way. The 
following list shows a number of engines 
and conditions that will yield, in theory 19 
horse: 
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Q. In usual computations, how are these 
four elements generally expressed ? 

A. Mean effective pressure is generally 
expressed in pounds per square inch, length 
of stroke in feet, piston area in square 
inches, and rotation speed in turns per 
minute. 

Q. "What is the ** factor of horse-power ? " 

A. ** Factor of horse-power" is a con- 
ventional term used in calculation, and 
means the product pf mean effective pres- 
sure, and area and speed of the steam- 
piston, divided by 33,000. Thus when the 
area of piston is expressed in square inches, 
and its speed in feet per minute, the so- 
called *' factor of horse-power," multiplied 
by the mean effective pressure in pounds 
per square inch, gives the horse-power of 
the engine. 

Q. What is a horse power ? 

A. An English horse-power, such as ^e 
reckon by,* is the power required to raise 
33,000 lbs. one foot high in a minute, or 550 
lbs. one foot high in a second, or 1,980,000 
lbs. one foot high in an hour. 

♦ A French horse-power is 75 kilogrammeters per 
second. As a kilogrammeter is 7.:){3d foot pounds, the 
French '*cheval-¥apeur^' is only 542.5 foot pounds 
per second. 
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Q. How much work will the evaporation 
of one cubic inch of water, at a pressure 
of 14.7 lbs. per square inch, do ? 

A. One cubic inch of water evaporating 
at 14.7 lbs. per square inch, and making 
1,641.5 cubic inches of steam at 212** F. — 
100° C, would, if in a vertical cylinder of 
one square inch bore, raise the 14.7 lbs. 
1,641.5 — 1 — 1,640.5 inches — 136.7 feet, 
doing 14.7 X 136.7 — 2,009.49 foot pounds of 
work (not allowing for friction nor for 
weight of piston). 

Q. How many horse-power ought we to 
get in, then, by the perfect combustion of 
one pound of coal in an hour ? 

A. Supposing one lb. of coal to give out 
in its complete and perfect combustion, to 
carbonic acid, 14,000 heat units, this is the 
equivalent of 14,000 X 772 — 11,008,000 foot 

11,008,000 

poimds ; and this equals — 5.56 

33,000 X 60 

horse-power if exerted in one hour. If 
exerted in a minute, it would yield 

11,008,000 

— 333.6 horse-power. 

33,000 
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THE GOYEBNOB. 

Q. What is a governor ? 

A. A governor is a device by which the 
speed of the engine is automatically reg- 
ulated and kept constant, by the rotation 
of the engine itself. 

Q. What are the princix>al typeB of gover- 
nor? 

A. The principal tyi)es of governor are 
the ** throttler" which keeps the speed uni- 
form by varying the initial pressure, and 
the "cut-off" which varies the volume of 
steam by altering the point of cut-off. 

Q. Which is the more efficient, the 
" throttling" or the " cut-off" governor? 

A. The cut-off governor is much the 
more efficient, but can be applied only to 
engines so arranged that the point of cut- 
off may be instantly changed while run- 
ning. 

Q. What are the advantages of the ordi- 
nary slide valve engine with throttling gov- 
ernor? 

A. The advantages of the throttling shde 
valve engine, are low first cost, and sim- 
plicity. 

Q. What is the advantage of having the 
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governor on the main shaft driving the cat- 
off mechanism? 

A. The advantage gained by having the 
governor on the main shaft, driving the cut- 
off mechanism positively, is that there is no 
danger of the engine becoming detached 
from the governor, and there can be no 
irregularity of motion, nor too slow gov- 
ernor speed, by reason of belt slippage, 
etc. 

Q. What is the objection to having the 
governor on the main shaft, directly actu- 
ating the cut-off mechanism ? 

A. That the govemoi: has to do the act- 
ual work of operating the cut-off, instead 
of simply indicating when the cut-off is to 
take place. 

Q What is a prime requisite of a gover- 
nor? 

A- It is essential that t!ie governor shall 
be readily adjustable for various desired 
speeds of engine. 

Q. What is a '* stop motion " attachment 
to a governor? 

A. A ** stop motion" is a device by which 
should the governor belt break, or the load 
be too suddenly or too greatly decreased 
for the governor to handle the engine the 
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steam will be completely shut off, and the 
engine brought to a stand still. 

Every governor should have a stop mo- 
tion attachment, or it is incomplete and in- 
efficient. 

Q. Of what use is the centrifugal gover- 
nor? 

A. The centrifugal governor saves steam 
and keeps the rotation speed nearly regu- 
lar. 

Q. What radical defect in the centrifugal 
governor? 

A. The centrifugal governor has this 
radical defect that the engine **must go 
fast in order to go slow," that is, speed and 
not load is the governing element. 

Q. Wh?it is the undesirable effect of gov- 
erning by speed instead of by load ? 

A. In governing by speed instead of by 
Load, the engine does not '* regulate regu- 
larly," but on commencing to slow, first 
slows too much, then runs too fast, then 
too slow again, etc., vibrating between too 
fast and too slow until the proper mean 
speed is gradually worked to. 

Q. Does the fact that an engine will run 
a given number of turns— say 60 — ^in a 
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minute, whenever counted, prove that the 
rotation speed is regular ? 

A. The fact that an engine makes a given 
number of turns — say 60 — in a minute, 
whenever counted, is no indication that the 
speed is regular. In the first quarter of a 
minute it may make 16 turns, in the next, 
15; in the next, 14; and in the next, 15 
again ; vibrating in speed in this way all 
the time. 

Q. What is the correct system of testing 
rotation speed ? 

A. The correct method of testing rotation 
speed is to show the speed at each revolu- 
tion, by a device which will show that one 
revolution is made, say in ^V ^^ ^ minute, 
the next in ^ of a minute, and so on. 

DESIGN AND CONSTRUCTION. 

Q. What is a " four-ported " engine ? 

A. A four-ported engine admits the 
steam through one port and exhausts it 
through another at the same end. 

Q. What are the objections to a four- 
ported engine? 

A. A four-ported engine if it leak after 
cut off will blow clear through into the ex- 
haust. In some four-ported engines the 
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clearance is greater than in some two- 
ported ones. 

Q. Should the steam and the exhaust 
valves receive their motion together or 
independently ? 

A. It is well where there are separate 
valves for admission and exhaust, that 
these should receive their motion independ- 
ently of each other. 

Q. What is a good precaution with re- 
gard to the throttle ? 

A. It is well to have two throttles, one of 
which will control the steam supply should 
the other stick open or leak. 

Q. How is the least possible friction of 
valves of Corliss type engines secured ? 

A, To get the least possible valve friction 
of Corliss type engines, the valves should 
not bear on their seats, but be hung on 
trunnions so as to clear them and obviate 
the gouging action. 

Q. In which direction should the steam 
press on a throttle valve ? 

A. The steam should be on the side to 
press the throttle valve to its seat. 

Q. What may be said about balanced 
slide valves? 

A. Balanced slide valves, while lessen- 
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ing the waste of power required to moTe 
the valve, are apt to wear out and leak after 
a few moDths' use, and become inoperative. 

Q. What are the advantages of horizontal 
engines over vertical ? 

A. Horizontal engines are generally more 
accessible than vertical. 

Q. What are the disadvantages of the 
beam engine? 

A. The objections to the beam engine are 
its complication, size, weight and inapplic- 
ability to the horizontal type. 

Q. What are the advantages of the beam 
engine? 

A. The beam engine has the merit for 
large powers, of being t)etter balanced than 
a horizontal engine; and of not wearing out 
of round in the bore. 

Q. What are the advantages of vertical 
over horizontal engines ? 

A. Vertical engines take up less room, 
require less foundation, and wear less out 
of round in the bore, than with horizontal 
engines. 

Q. What are the advantages of " direct 
connected" engines? 

A. The advantages of direct connected 
engines are that the first cost and mainte* 
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nance of belts, pulleys, gears and shafts, the 
noise of gear and the slip of the belts are 
lessened, and less space is taken up. 

Q. What is the principal mechanical ad- 
vantage of short stroke? 

A. The principal mechanical advantage 
of short stroke is stiffness. 

Q. What are the advantages of long 
stroke ? 

A. The merits of long stroke are low 
speed and friction of the journals and 
crank pin with the same weight of fly- 
wheel ; but as long stroke engines should 
have proportionately heavy fly-wheels,* 
this brings in, where the fly-wheel is heavy 
enough, increased journal friction due to 
weight. The longer the stroke the 1668 the 
proportion of clearance volume. 

Q. In building slow speed engines, what 
is aimed at ? 

A. In building slow speed engines, the 
effort is made to get light reciprocating 
parts and heavy fly-wheel rim. 

Q. In building high speed engines, what 
is aimed at? 

A. In building high speed early cut-off 

♦ Note under '* Proportions." 
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engines, the effort is made to get heavy 
reciprocating parts so as to get smooth 
running. 

Q. What is the proper place for the cross 
head pin, and why ? 

A. The cross-head pin should be in the 
centre of length of the shoes, instead of 
towards one end as is usual, in which latter 
case there is a tendency to break, and to 
wreck the cylinder. 

Q. What adjustment should the slides 
have? 

A. The slides should have adjustment for 
wear. 

Q. How should the eccentric be fastened 
to the shaft ? 

A. The eccentric should be fastened by a 
key and not by a set screw, as the latter 
are liable to slip or work loose, and cause 
much trouble and perhaps great damage. 

Q. Should the connecting rod brasses be 
bored an exact fit to the crank pin and 
cross-head pin ? 

A. The connecting rod brasses may well 
be bored a trifle large for the pin, so that 
when brought up snug they may leave loose 
spaces which will hold and distribute the 
lubricant. A better plan is to make the 
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brasses an exact fit to the pins, and then 
file away the bearing on each side at the 
joint a distance equal to one-twelfth of the 
circumference. 

Q. Which are the best, stud bolts or 
through bolts for cylinder heads and valve 
chest covers ? 

A. Through bolts are to be preferred in 
every case where they can be used. 

Q. What conditions tend to cause leaky 
valves? 

A. Leakage of valves is liable to occur in 
time with cylindrical valves ; with those 
having variable travel, and where the valve- 
closing action is not positive. Double pop- 
-pet valves may leak from unequal expan- 
sion. 

Q. How should a slide valve be fitted to 
its seat? 

A. A slide valve should be fitted to its 
seat by filing and scraping them, and not 
by grinding them with emery and oil. 

Q. How should the main journal and 
its bearing be fitted and kept to a bear- 
ing? 

A. By filing and scraping ; when neces- 
sary, by chipping, but never by using emery. 

Q. To insure perfect accuracy in size. 
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shape and finish of the journals and crank 
pin, how should they be got up? 

A. To make sure that the crank pin, 
journals, etc., are round, straight and per- 
fectly finished, they should be ground on 
centres. 

Q. What is the best kind of packing for 
the piston rod and valve rod ? 

A. The piston rod and valve rod, if small, 
may be packed with braids of hemp or of 
cotton wicking ; if large, with rings cut 
from <*coil packing" of hemp, asbestos, 
etc., and if very large, with rings of anti- 
friction metal, coned, split, and set *' break- 
ing joint." 

Q. What is the best material for piston 
packing? 

A. If the piston is spring-packed or self- 
packed, either gun metal or cast iron rings 
properly split and "breaking joint" will 
do. 

Q. What is the proportion between maxi- 
mum and average piston speed? 

A. Maximum piston speed is 1.5708 times 
the average. Thus : if an engine has 1,000 
feet piston si>eed in a minute, the fastest 
speed is at the rate of 1570.8 feet per 
minute. 
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Q. Does high rotation speed cramp the 
open port area proportioned to piston area? 

A. nigh rotation speed does not cause 
diminished open port area, compared with 
the piston area. 

Q. What is the best method of securiDg 
steadiness of rotation speed ? 

A. The best way to get steady rotation 
speed is to have a very heavy, well-balanced 
fly-wheel. 

Q. How much work should the fly-wheel 
store up ? 

A. Watt made the fly-wheel store up the 
work of 7i strokes. Bourne said 6. I 
should prefer 10 to 12. 

Q. Does not a heavy fly-wheel take more 
power to run it than a light one ? 

A. If it were not for friction in the main 
bearings, a heavy fly-wheel would take 
absolutely no more power to run it than a 
light one. As it is, the friction of the main 
journals is increased in the proportion of 
the increase in fly-wheel weight. 

Q. What precaution should be taken in 
increasing fly-wheel weight? 

A. In ordering a heavier fly-wheel, the 
shaft should be stouter and journals longer. 

Q. What precaution should be taken in 
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Btarting up and stopping an engine with an 
especially heavy fly-wheel? 

A. When the fly-wheel is especially 
heavy, the engine should be started or 
stopped more gradually than with a light 
fly-wheel. 

PROPORTIONS OF PARTS, ETC. 

Q. How should a cylinder be bored ? 

A. A cylinder should be bored vertically, 
flnishing to size with a shallow broad cut 
and coarse feed, and invariably without 
stopping • Large cylinders should always 
be bored in a vertical position. 

Q. What is the proper thickness of cylin- 
der? 

A. Weisbach gives as the proper thick- 
ness of cylinder, .00033 times the boiler: 
pressure in pounds per square inch, times 
the cylinder diameter in inches, plus 0.8 
inches. Reuleaux gives the thickness as 
0.8 inches plus yj^ the cylinder diameter. 
For a locomotive cylinder 16 inches diame- 
ter, 130 pounds boiler pressure, Weisbach's 
rule would give the thickness as (.00033 X 
130 X 16) H- .8 inches, which would be 1.48, 
or practically li inches. 

Q. What shape of cylinder head would 
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give the greatest strength with a given 
amount of metal, or require least metal for 
a given strength ? 

A. To get greatest strength with a given 
thickness, or require least metal for a given 
strength, the cylinder heads should be 
hemispherical, but this would be too im- 
practical. 

Q. How may cylinder heads be strength- 
ened or stiffened? 

A. Cylinder heads may be strengthened 
or stiffened by radial ribs. 

Q. What should be the thickness of flat 
unribbed cylinder heads ? 

A. Cylinder heads, if flat^ should have 
as thickness .003 times the bore, times the 
square root of the boiler pressure. (Weis- 
bach.) This would give for a l(J-inch loco- 
motive cylinder, under 130 pounds boiler 
pressure, .003 X 16 X 11.4018 — .5473 inches, 
which is thinner than the cylinder walls. 
For a stationary engine 16-inch bore, 81 
pounds initial pressure, the Weisbach rule 
would give the cylinder head thickness as 
.003 X 16 X 9— .432 inches, while the cylin- 
der itself would be (.00033 X 81 X 16) +0.8 
inches, .4277 + .8 — 1.2277 inches, of which 
the .8 is to allow for reboring, etc. 
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Q. "What causes the greatest strain upon 
cylinder heads, and why? 

A. The greatest strain upon cylinder 
heads is caused by water in the cylinder ; 
because this is incompressible. 

Q. How may danger from water in the 
cylinder be lessened? 

A. Danger from water in the cylinder 
may be lessened by felting and trapping 
the steam pipe, lagging or steam- jackotmg 
the cylinder, having the exliaust ports at 
the side or bottom, having relief- valves, or 
making frequent use of the cylinder cocks, 
especially on stopptag and startiog. Large 
cylinder heads may have hand-hole plates 
weaker than the rest of the head. 

Q. What should be the thickness of cylin- 
der head bolts? 

A. The cylinder head bolts should be in 
diameter half the width of the cylinder 



Q. How far apart should the cylinder 
head bolts bo ? 

A. The cylinder head bolts should be 
close enough together not to permit of 
leakage between bead and flange of cylin- 
der. Marks gives as the number of bolts 
required : .7854 times the square of the 
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cylinder diameter in inches, times the boiler 
pressure, divided by 5,000 times the area 
(in square inches), of a single bolt of the 
assumed diameter ; or, .0001571 times the 
square of the cylinder diameter, times the 
boiler pressure, divided by the area of one 
bolt, a rule which we would prefer to ex- 
press either as the square of cylinder diam- 
eter, times the boiler pressure, divided by 
5,000 times the square of the bolt thickness; 
or, as piston area times boiler pressure, 
divided by 5,000 times bolt area. This rule 
would give for a 16-inch cylinder with 130 
pounds boiler pressure, and using |-inch 
bolts, 

256 X 130 

11.8 ; 

5,000 X .5625 

that is, 12 bolts. 

Q. Should the steam chest be large or 
small, and why ? 

A. Where the steam pipe is large, the 
chest had better be small, to lessen conden- 
sation ; but where the pipe wire draws the 
steam, it is best to have a large chest to 
prevent falling of pressure in the cylinder, 
before cut-off. 

Q. How thick should the steam chest be! 
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A. The steam chest should in theory have 
as thickness one-sixtieth the product of 
square of inside length and breadth of chest 
times the square root of the quotient of the 
boiler pressure, divided by the sum of the 
fourth powers of the inside length and 
breadth of chest. (Weisbach.) Thus : a 
chest 20x16 inches inside, under 80 pounds 
boiler pressure, should be in thickness 



V 



400 X 16^ / 80 

; = 3. 1 



60 y 160,000 + 65,536 

inches, nearly. 

Q. What should be the minimum steam 
port area? 

A. The greater the piston speed, the 
greater the steam port area required. For 
a piston speed of 500 feet per minute (cor- 
responding to 250 revolutions per minute 
in engines of 12-inch stroke), the steam port 
area should be ^ the piston area. Thus : 
an engine 9x12 running 250 turns, should 
have a steam port area of 6.39 square 
inches, and in the same proportion for 
higher piston speeds. 

Q. What sized ports should be given f oi 
high speed locomotives ? 
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A. Engines Nos. 15 and 16, C. & A. R.R.,* 
have cylinders 17x22 and 66-inch drivers. 
Hence, to make 60 miles an hour, they 
would require to make 804 turns per minute 
■— 1,115 feet piston speed. The piston area 
is 236.98 square inches. The steam port is 
If X 16 inches -=- £6 square inches area, and 
the exhaust port is 3 X 16 inches -=> 48 square 
inches ; the valve is of the Allen tyi)e, with 
^inch lap and 5f-inch maximum travel. 
With full port opening, port area is to 
piston area as 1 to ^V, or 1 to 8.73, and 
would call for a steam velocity in the port 
of 1,115 X 8.73 = 9,734 feet per minute, 
supposing full travel and port full open. 
Engines 17 and 18. C. & A. R.R.,* have 
cylinders 16x24 inches, and 66-inch drivers. 
To make 60 miles per hour, they would 
have to make 304 turns per minute ^ 1,210 
feet piston speed. The piston area is 201,06 
square inches ; steam ports, 1^ X 15 inches, 
— 18.75 square inches ; exhaust port, 2i X 
15 inches ^ 37.5 square inches. Proportion 
of steam port area to piston area being 

201. 

Ito 1 to 10.71, 

18.75 

* Baldwin build. 
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the steam would have to travel, supposing 
ports full open, 1,316 x 10.71 — 13,023 feet 
per minute. (The valves in these engines 
are Allen type, |-inch lap and 4i-inch max- 
iTniiTn travel.) The 4-cy Under locomotive, 
Henry F. Shaw,t has cylinders 10^x24, and 
drivers 63 inches diameter. To make 60 
miles per hour, she would have to make 
320 turns (-> 1,280 feet piston speed) per 
minute. Her steam ports aie 7i X 1 inches 
— 7.6 square inches, and as her cylinder area 
is 86.59 square inches, steam would have to 
travel 

1,280 X 86.59 

— » 14,771 feet per minute, 

7.5 

even supposing full port opening, The port 
area being to piston area only as 1 to 11.54, 
the engine is maif estly choked. 

For the piston speeds above cited, Nos. 
15 and 16 should have 

226.98 X 1,115 

— 42.18 square inches ; 



6,000 

say 16x2f inches, making the travel 7i 
inches. 

t Hinkley build. 
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Nos. 17 and 18 should have 
201.06 X 1,^16 



- -> 40.75 BQuare inches. 
6,000 

Bay 15 X 3yV> making travel 7.65 inches ; 
or better, 16 X 2.55, making travel 7.85 
inches. 
The *' Shaw " should have 

86.59 Xl,280 

— 18.47 square inches, 

6,000 

making 7i X 2.04 inches; or better yev, 
10 X 1.85, which, with f lap, would make 
the travel required to just uncover the 
ports, 2 X (1.85 + .75) — 5.2 inches, instead 
of 3i inches as at present. 

Q. Which require the thickest piston 
heads, vertical or horizontal engines? 

A. Horizontal cylinders call for thicker 
piston heads than vertical. 

Q. Which require the thickest piston 
heads, high or low speeds ? 

A. High piston speeds call for thick pis- 
ton heads ; but where the piston speeds are 
equal, the rotation speed has little influence 
on the necessary piston head thickness. 

Q. What should be the piston head thick' 
tiess? 
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A. The ^ton head thickne&s should be 
about the fourth root of the product of the 
piston diameter and stroke. Thus for a 
20x48 engine it should be 

* 7960 — iMM nearly 6.57 inches. 

Q. What is the advantage in having a 
b'ght piston head ? 

A. The advantage in having a light pis- 
ton head is that in case of a nut or of a 
great amount of water getting in the cylin- 
der, the piston head would be smashed 
rather than the cylinder head knocked out, 
which would wreck the engine. 

Q. "Wliat should be the diameter of the 
piston rod? 

A« The diameter of a wrought iron piston 
rod should be 0.0179 the piston diameter in 
inches, times the square root of the steam 
pressure in pounds per square inch. "When 
stroke and diameter are equal, if this comes 
less than ^ stroke, make it 0.08901 times 
cylinder diameter times fourth root of 
steam pressure. 

Thus if we have a 20x48 inch with 80 
Ibe. initial pressure, the piston rod, if of 
wrought iron, would be equal to 



Digitized by VjOOQIC 



St£am £ngd^ Catechism. 119 

20X0.0179X ^^0^ • 
20X0.0179X8.9443 = 
8.202 inches. 

In a 20x20 inch, it would be 20x0.0179 
X *^80, according to this last rule, which 
would make it 3.202 inches, which being 
more than jV stroke, will do. 

In a 12x12 inch, at 80 lbs. boiler pres- 
sure this rule would ^ve 12 X. 0179 X ^80^ 
12X.0179X8.9443 — 1.885 inches. 

By the second rule, it would be 0.03901 x 
20x* v^80^ 0.03901x20x2.989 — 2.332. 

Q. What should be the material of the 
piston rod ? 

A. The piston rod should be of steel, or 
of ham mered wrought iron. * * Cold rolled " 
iron makes good rods, and has greater 
strength to resist tension and compression 
than hammered or hot rolled iron. 

Q. Speaking approximately, what are the 
relati\e diameters of wrought iron and of 
steel piston rods to do the same work ? 

A. A steel rod will have 0.9 the diameter 
and 0.81 the area and weight of a wrought 
iron one to do the same work, if we con- 
sider liability to buckle. (Marks.) 
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Q. How should the piston rod be fastened 
to the head? 

A. The rod may be fastened to the piston 
rod (1) by a key (2) by a nut; and in either 
case the portion in the head may be either 
straight, coned towards the cross-head end, 
or coned towards the back end. 

Q. What should be the slide area? 

A. The slide area should equal the pres- 
sure upon the guides in pounds, divided by 
40 to 80. 

Q. What should be the distance between 
guides in engines having a vertical cross- 
head? 

A. Where the cross-head is vertical, the 
guides must be so far apart that the con- 
necting rod shall clear them at all crank 
angles ; and if the connecting rod cannot 
be slid out of the guides, then there must 
be room enough to get the stub end key in 
and out. 

We must add the thickness of the con- 
necting rod to 2.6 times crank radius 
divided by the number of crank lengths in 
the connecting rod. 

Q. What should be the length of the con- 
necting rod ? 

A. The length of connecting rod, if of 
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wrought iron, should be 4 to 8 times the 
crank length; that is, 2 to 4 times the 
stroke. 

Thus if the stroke is two feet, the con- 
necting rod should be four to eight feet 
long. 

Q. What should be the thickness of the 
connecting rod ? 

A. The thickness of the connecting rod 
may be 0.0179 cjl. diam. times the square 
root of boiler pressure, or 12.753 times 
square root of quotient of indicated horse 
power by product of stroke in inches and 
strokes per minute. In cylinders where 
length equals diameter, if this gives less 
than ^ con. rod length, then use 0.01d5 
times cyl. diameter times square root of 
product of boiler pressure by square of 
ratio between lengths of connecting rod 
and crank. 

T^us in a 20x48 engine with 80 lbs. boiler 
pressure, the piston rod may be 0.0179 

X 20 X v^SO"— 8.202. 

In an 18 X 48 in. engine indicating 140 
horse power, at 75 revolutions per minute, 
this would make it 
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12.753 i Alio _ 

V — 13.753 /T^ 

48X75 
2.512341 inches. 

Q. What should be the cross section of 
each leg of the strap? 

A. Marks gives for each leg of the wrought 
iron strap, in square inches, .000078 times 
the boiler pressure, times the square of 
cylinder diameter in inches. 

For a steel strap he gives { the area for 
wrought. 

Q. What should be the crank-pin length? 

A. Crank-pin length should increase with 
co-efficient of friction, with mean steam 
pressure, with number of revolutions, and 
with square of diameter of cylinder. 

Marks gives the length of crank pin as 
•0000247 times the co-efficient of friction, 
times the mean cylinder pressure, times the 
number of single strokes per minute, times 
the square of piston diameter ; or 12.454 
times the co-efficient of friction, times the 
horse power, divided by the stroke in 
feet. 

The co-efficient of friction is probably 
from 0.05 to 0.5. The latter in marine en' 
gines. 
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For locomotives, crank making 800 turns 
per minute, and boiler pressure 150, Marks 
gives crank-pin length in inches as .013 
times the square of piston diameter. 

Assuming the co-efficient of friction with 
constant lubrication as 0.06, a 20x48 engine 
under 40 lbs. mean effective pressure would 
require for 60 turns per minute a crank-pin 
.0000247X.05X40X120X400 — «.37 inches 
long, say 2% inches. 

Q. What should be the diameter of crank- 
pin? 

A. Wrought iron crank-pin diameter 
may be, in inches, .066 times fourth root of 
product of boiler pressure, cube of crank- 
pin length, and square of cylinder diam- 
eter. 

The 20x48 * at 80 lbs. boiler pressure may 

have crank pin .066 V8Qx237'x20' "" 1,68. 

The Hartford Engineering Co. makes the 
crank-pm ^'^ the bore. 

Q. What stresses does the main or crank 
shaft receive? 

A. The crank shaft receives at the begin- 

* Mean eifectiFe pressure assumed as 40 lbs ; co-ef- 
fldeat of friction .06 ; speed 60 turns per minute. 
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ning of the stroke a thrust from the piston; 
between stroke ends a twisting stress, plus 
the thrust from the piston ; and if a fly- 
wheel screw propeller, or paddle wheels be 
attached their weight tends to bend it. 

Q. What should be the diameter of the 
main shaft journal ? 

A. The Hartford Engineering Co. makes 
the diameter of the main shaft bearing half 
the cylinder bore, and the length equal to 
the cylinder bore. 

Q. What should be the length of main 
bearings? 

A. The main bearings should not be less 
in length than the cylinder bore for usual 
good practice. 

Q. What should be the minimum diame- 
ter of steam pipe ? 

A. For 600 feet piston speed the steam 
pipe should have ^ the area of the piston ; 
and for other piston speeds, in proportion. 

Q. What should be the minimum diame- 
ter of exhaust pipe? 

A. An exhaust pipe cannot be too large, 
and should not be less than y% the diam' 
eter of the cylinder. 
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CARE AND USE. 

Q. Where is the most common place for 
the piston rod to break ? 

A. The piston rod most commonly breaks 
at the cross-head ; especially if it has a 
sharp thread on it at this point, and the 
cross-head pin is in the end of the length 
of the cross-head. 

Q. How is lead or comjiression altered ? 

A. Lead is altered by shifting the eccen- 
tric, if it be fastened on by a set screw or 
by a wedge. Where keyed on, it cannot be 
altered without changing the lap of the 
valve, unless an offset key is used. 

Q. How may the noise of the exhaust be 
deadened ? 

A« The noise of the exhaust may by dead- 
ened by an ** exhaust head " or by an ** ex- 
haust nozzle;" the latter having either a 
wire spiral coil, through the openings of 
which the steam is discharged, or a series 
of perforated beads. Neither of these causes 
back pressure. 

Q. Is there any use of preliminary scien- 
tific investigation, more than in so-called 
"practical tests?" 

A. One of my clients — an inteUigent 
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** practical man" (a scomer of science) — 
undertaking a very bold departure in de- 
sign and construction of motors, before he 
consulted me, cost his backers several thou- 
sand dollars for experimental machines 
that would not work. All this expense 
could have been saved had the capitalists 
consulted any reliable expert as to the feas- 
ibility of the plan, which proved to be con- 
trary to the laws of nature. 

Q. How may irregularity of motion be 
prevented ? 

A. Engines having irregular motion, 
causing great loss in cotton factories, paper 
and flour mills, etc., can always be brought 
to proper performance by intelligent treat- 
ment, after using the indicator to re- 
veal the cause. Regularity is especially 
important to those using the electric 
Ught. 

' Q. What are the principal causes of 
** knocking" or ** pounding? " 

A. Knocking and pounding may be 
caused by lack of alignment in cylinders, 
main-shaft, or crank-pin, or by lost motion 
at the crank-pin or cross-head pin, or any 
of the reciprocating parts. 

Knocking may be the result of a misfit 
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of the piston rod in the croBS-head or in the 
piston head. 

It may be caused by wet steam, or by 
foaming, causing water in the cylinders; or 
! by lost motion in the main bearings. 

Q. What are the principal causes of hot 
main and outboard bearings? 

A. Hot main and outboard bearings may 
be caused by lack of alignznent, over-pres- 
sure, lack of lubrication, grit in the bear- 
ings, too high rotation speed, etc. The 
longer the bearing the less the liability to 
heating, so long as everything is kept in 
line. 

Q. What is the advantage of an horizon- 
tal engine ** throwing over" rather than 
** throwing under ? " 

A. Throwing over enables better lubri- 
cation of the guides, where the engine has 
horizontal cross-head, and tends to keep the 
engine down to the bearings, rather than to 
pull the caps off the boxes — in other words, 
the thrust is downward towards the foun- 
dation, instead of pulling away from it. 

Q. What are the principal causes of hot 
crank pins? 

A. The principal onuses of hot crank pins 
are lack of alignment, improper lubrication. 
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too tight or too slack brasses, grit in the 
brasses, and improper material or propor- 
tions, and, not infrequently, lack of true 
cylindrical shape, due to poor material or 
to too much filing in the lathe, after the 
finishing cut by the tool. 

Q. What is the best lubricant for guides 
and journals ? 

A. For general purposes si)erm answers 
best; next, v^inter-strained lard-oil. For 
high speed and heavy pressures, add finest 
air-floated plumbago (graphite, blacklead). 
For cooling heated journals use fiour of 
sulphur and olive oil. For curing; badly 
scored journals, use lead filings. 

Q. What are the evils of tight piston head 
packing? 

A* The evils of tight piston head packing 
are cutting of the cylinder or of the rings, 
and waste of power by friction. 

Q. What are the evils of loose piston head 
packing? 

A. Loose piston head packing permits the 
steam to blow through. 

Q. How should the crank-pin be oiled ? 

A. The crank-pin should have an auto- 
matic or self -feeding oiler, with adjustable 
feed. 
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Q. What is a good arrangement for lubri- 
cating the main bearing ? 

The main bearing may have a taUow cup 
filled with tallow and graphite,* and also a 
glass automatic oiler, the former having a 
large tube to supply the journal should the 
latter get heated. 

Q. **Is it practicable to run an engine 
without oil or other lubricant in the cylin- 
der?" 

A. At low pressures and speeds engines 
proi)erly proportioned and made can be 
run without either oil or lubricant, and at 
the highest pressures and fastest speeds 
dry black lead (graphite, plumbago) can be 
used. 

Q. What are the effects of using animal 
oil as a cylinder lubricant ? 

A. Animal oil in the cylinder is apt to 
corrode its walls ; and also to cause foam- 
ing and priming, and incrustation, if the 
exhaust steam is returned to the boiler by 
being used to heat the feed water by direct 
contact. Animal oil is apt to cause gum- 
ming up of the piston packing. 

* Plumbago, "blacklead." 

Digitized by VjOOQIC 



130 Steam Engine Catechism. 

Q. What axe the effects of using mineral 
oil as a cylinder lubricant ? 

A. The use of mineral oil as a cylinder 
lubricant, has been found, in some cases, 
where the exhaust was used to heat the 
feed water, to cause leakage in the boiler, 
especially in the ** steam chimney." 

Q. What influence should the steam 
pressure have upon the cylinder oil chosen ? 

A. "the higher the i initial steam pressure, 
the higher ** flash point" required of min- 
eral oils, and the less decomposable animal 
oils should be. Locomotive service is 
peculiarly exacting in this respect. 

SPEED. 

Q. What are the advantages of high piston 
speed? 

A. High piston speed gives little oppor- 
tunity for condensation from external 
radiation. 

Q. What are the disadvantages of high 
piston speed ? 

A. High piston speed brings a heavy 
shock upon the crank and wrist pins and 
their brasses at each reversal of the stroke, 
and makes it difficult to keep the piston 
and guides lubricated. 
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Q. What are the disadvantages urged 
against high rotation speed ? 

A. High rotation speed makes it difficult 
to properly balance the reciprocating parts. 

Q. What is the practical limit to piston 
speed? 

A. The present practical limit to piston 
speed is placed by Charles T. Porter at 700 
feet per minute for 12 inch stroke, and 1,000 
feet for 48 inches. 

Q. What is the practical limit to fly wheel 
speed? 

A. The practical limit to fly wheel speed 
is stated by Porter as 2,300 turns for a 8 
foot wheel and 700 turns for a 10 foot 
wheel ; these corresponding to say 22, 000 feet 
rim speed. 

Q. Why cannot long stroke en.gines be run 
at very high speed ? 

A. Long stroke engines cannot be run at 
very high speed because the momentum of 
the reciprocating parts varies directly as 
their weight and the stroke, and where the 
stroke is the longest the connecting rod is 
the heaviest. 

Q. What are the usual average piston 
speeds? 

A. Piston speeds are increasing from 
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year to year. We may say from 400 to 
1,000 feet per minute are usual; the most 
common being 600; corresponding to 800 
turns per minute with 1 foot stroke, 200 
with 18 inch stroke, and 150 with 2 foot 
strokes. 

Q. What are the disadvantages of low ro- 
tative speeds? 

A. The disadvantages of low rotative 
speeds are excessive cylinder condensation, 
and the necessity of having a larger engine j 

for a given woik, at a given pressure, than i 

with rapid rotation. Besides this, most j 

machinery requires much higher speeds j 

than do steam engines, and here the ex- 
pense for change of rotation speed is less 
with high engine rotation speed. 

Q. What is the tendency as regards pis- 
ton speed? I 

A. The tendency seems to be to shorten 
the stroke and yet to increase the piston ' 

speed by increasing the rotation speed. 

Q. Wliat can be said about the speed of I 

engines having ** releasing gear" valve 
motion? 

A. The rotation speed of ''release gear" i 

engines is necessarily slower than that of 
*' positive gear " engines; hence their stroke 
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must be necessarily longer, in order to get 
tlie same piston speed. 

MISCELLANEOUS, TABLES, ETC. 

Q. What may be said about foundations? 

A. Foundations should be large and deep, 
especially deep; and the larger the pieces 
or blocks of which they are made the 
better. 

Q. Where should the engine be put? 

A. The engine should be put in a light 
room near to the boilers, but separated from 
them, so that it shall not be cut by ashes or 
coal dust. 

Q. When, and by whom was the drop 
cut-off invented ? 

A. The drop cut-off was invented in 1841, 
by Sickels. 

Q. When was the Corliss valve gear in- 
vented ? 

A. The Corliss valve gear was invented 
in 1849. 

Q. How is the friction of an engine 
measured? 

A. The friction of an engine is measured 
by throwing off the main driving belt and 
letting it run at its usual speed, but with- 
out any load. Indicator diagrams are then 
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taken from both ends of the cylinder, and 
their average mean effective pressure shows 
the pressure per square inch upon the pis- 
ton reqtdred to move the eugine at its 
regular speed without load. This will vary- 
but slightly from the friction due to the 
engine itself, with load on, at the same 
speed, but is not porrect for any other 
Bi)eed. It is best to get several diagrams 
from each end of the cylinder after the 
engine has got warmed up, and average an 
equal number from each end. 

Q. What are the highest steam pressures 
of modem practice ? 

A. The highest pressures are those carried 
by Perkins : 400 lbs. (27 atmospheres), hab- 
itually, and 1,000 lbs. (70 atmospheres), 
ezi>erimentally. 

Q. What is the economical limit to steam 
pressure? 

A. Emery places the economical limit of 
steam pressure at 100 lbs. in practice. 
Stevens places the theoretical limit at 250 
lbs. 

Q. What relation between the initial 
pressure and the point of cut-off ? 

A. ''The point of cut-off for mazimimi 
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efficiency lies nearer the beginning of the 
stroke as steam pressure rises." 

(R. H. Thurston.) 

Q. What is the best proportion of stroke 
to cylinder diameter ? 

A. There are probably more engines built 
"2 to 1" than any other way, because 
building them ** square" or having diame- 
ter equal to stroke, necessitates, where 
both their quantities are small, having ex- 
cessively high rotation speed to get econom- 
ical or satisfactory piston speed. Thus, 
a 6x6 inch has to run 600 turns in order to 
get 600 feet piston speed. 

Q. What is a heat unit? 

A. An English heat unit is the amount 
of heat required to raise the temperature 
of 1 pound of water at or near 89.1° F., 
one degree. Its mechanical equivalent is 
172 foot pounds — one degree Fahrenheit. 
A French heat unit, or calorie, is the amount 
of heat required to raise one kilogram 
(2.2046 lbs. av.), one degree centigrade. 
One calorie equals 3.967 of an English heat 
unit. 

The following tables answer to reduce 
English heat units to calories, and vice 
versd: 
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FOB CON VERTING ENGLISH (FAHR.) HEAT 
UNITS INTO CALOBIBS. 





0. 


1. 


2. 


3. 


4. 


0. 


0. 


.252 


.504 


.756 


1.008 


10. 


2.520 


2.272 


8.024 


3.276 


3.528 


20. 


5.(40 


5.282 


5.544 


5.796 


6.048 


80. 


7.560 


7.812 


8.064 


8.316 


8.568 


40. 


10.080 


10.332 


10.584 


10.836 


11.088 


50. 


12.600 


12.852 


13.104 


13.356 


13,608 


60. 


15.120 


15.372 


15.624 


15.876 


16.128 


70. 


17.640 


17.892 


18.144 


18.396 


18.648 


80. 


20.160 


20.412 


20 664 


20.916 


21.168 


90. 


22.680 


22.932 


23.184 


23.436 


23.688 





5. 


6. 


7. 


8. 


9. 


0. 


1.260 


1.512 


1.764 


2.016 


2.268 


10. 


3.780 


4.032 


4.284 


4.536 


4.788 


20. 


6.300 


6.552 


6.804 


7.056 


7.308 


80. 


8.820 


9.072 


9.324 


9.576 


9.828 


40. 


11.340 


11.592 


11.844 


12.096 


12.348 


50. 


13.860 


14.112 


14.364 


14.616 


14.868 


60. 


16.380 


16.632 


16.884 


17.136 


17.888 


70. 


18.900 


19.152 


19.404 


19.656 


19.908 


80. 


21.420 


21.672 


21.924 


22.176 


22.428 


90. 


23.940 


24.192 


24.444 


24.696 


24.948 



Multiplier, 0.252. 
Divisor, 3.968. 
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FOR CONVEBTINO CALORIES INTO ENGLISH 
(FAHR.) HEAT UNITS. 



0. 



1. 



3. 



0. 
10. 
20. 
30. 
40. 
50. 
60. 
70. 
80. 
90. 



0. 
89.68 
79.36 
119.04 
158.73 
198.40 
238.08 
277,76 
317.74 
357.12 



3.968 
43.64 
83.32 
123.00 
162.68 
202.36 
242.04 
281.72 
321.40 
361.08 



7.936 
47.61 
87.29 
126.97 
166.65 
206.33 
246.01 
285.69 
325.37 
365.05 



11.904 
51.58 
91.26 
130.94 
170.62 
210.30 
249.98 
289.66 
329.54 
369.02 



15.872 
55.55 
95.23 
134.96 
174.59 
214.27 
253.95 
293.63 
333.31 
372.99 





5. 


6. 


7. 


8. 


9. 


0. 


19.84. 


23.808 


27.776 


31.774 


35.712 


10. 


59.52 


63.48 


67.45 


71.42 


75.39 


20. 


99.20 


103.16 


107.13 


111.10 


115.07 


30. 


1 8.88 


142.84 


146.81 


150.78 


154.75 


40. 


178.56 


182.52 


186.49 


190.46 


194.43 


50. 


218.24 


222.20 


226.17 


230.14 


234.11 


60. 


257.92 


261.88 


265.85 


269.82 


273.79 


70. 


297.60 


301.56 


305.53 


309.50 


313.47 


80. 


337.28 


341.24 


345.31 


349.18 


353.15 


90. 


376.96 


380.92 


384.89 


388.86 


392.83 



Multiplier, 8.968. 
Divisor, 0.252. 
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The following tables of Circumferences 
and Areas of Circles, and of Hyx>erbolic 
Logarithms, will be found of daily use: 

CIRCUMFEBENCE OF CIRCLES. 



1 


i 




1 
6 i 


i 


i 


1 


i 




.8926 


10 


31.41 


80 


94.24 


65 


204.3 




.7854 


i 


32.98 


31 


97.38 


66 


207.8 




1.178 


11 


34.55, 


82 


100.5 


67 


210.4 




1.570 


i 


36.12, 


83 


108.6 


68 


213.6 




1.968 


12 


37.69 


84 


106.8 


69 


216.7 




2.856 


i 


39.27 


35 


109.9 


70 


219.9 




2.748 


13 


40.84 


86 


118.0 


71 


223.0 




3.141 


i 


42.41 


37 


116.2 


72 


226.1 




3.534 


14 


43.98 


88 


119.3 


73 


229.3 




3.927 


-i 


45.55; 


89 


122.6 


74 


232.4 




4.319 


15 


47.121 


40 


125.6 


76 


235.6 




4.712 


i 


48.69; 


41 


128.8 


76 


288.7 




5.105 


16 


50.26 


42 


131.9 


77 


241.9 




5.497 


i 


51.83, 


43 


135.0 


78 


245.0 




5.890 


17 


53.40 


44 


138.2 


79 


248.1 




6.288 


i 


54.97 


45 


141.3 


80 


251.8 




7.068 


18 


56.54 


46 


144.5 


81 


254.4 




7.854 


i 


58.11 


47 


147.6 


82 


257.6 




8.639 


19 


59.69 


48 


150.7 


83 


260.7 




9.424 


i 


61.26 


49 


153.9 


84 


263.8 




10.21 


20 


62.83 


50 


157.0 


85 


267.0 




10.99 


i 


64.40 


51 


160.2 


86 


270.1 




11.78 


21 


65.97 


52 


168.3 


87 


273.3 




12.56 


i 


67.54 


53 


166.5 


88 


276.4 




14.13 


22 


69.11 


54 


169.6 


89 


279.6 
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i 
s 


1 


i 


1 


1 


^ 


1 


1 


5 


15.70 


^ 


70.68 


55 


172.7 


90 


2.882 


\ 


17.27 


23 


72.26 


56 


175.9 


91 


285.7 


6 


18.84 


4 


73.82 


57 


179.0 


92 


289.0 


i 


20.42 


24 


75.39 


58 


182.2 


93 


292.1 


7 


21.09 


4 


76.96 


59 


185.3 


94 


295.3 


i 


28.56 


25 


78.54 


60 


188.4 


95 


298.4 


8 


25.13 


26 


81.68 


61 


191.6 


96 


801.5 


i 


26.70 


27 


84.82 


62 


194.7 


97 


804.7 


9 


28.27 


28 


87.96 


63 


197.9 


98 


807.8 


i 


29.84! 


29 


91.10 


64 


201.0 


99 


311.0 



AREA OF CIBCLES. 



a 

p 


1 


i'0.0123 


i 0.0491 


f 0.1104 


i'0.1963 


i 0.3067 


f!0.4417 


i 0.6013 


1 


0.7854 


* 


0.9940 


i 


1.227 


« 


1.484 


i 


1.767 



10 

i 
11 

i 

12 

i 
13 

i 
14 

i 
15 



78.54 
86.59 
95.03 
103.86 
113.09 
122.71 
132.73 
143.13 
153.93 
165.13 
176.71 
188.69 



706.86 
754.76 
804.24 
855.30 
907.92 
962.11 
1017.8 
1075.2 
1134.1 
1194.5 
1256.6 
1320.2 



3318.3 
3421.2 
3525.6 
3631.6 
3739.2 
3848.4 
3959.2 
4071.5 
4185.8 
4300.8 
4417.8 
4586.4 
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Area of Circles, — Continued. 



i 


1 


1 




9j 


1 


j 


1 


i 


2.073 


16 


201.06 


42 


1385.4 


77 


4656.6 


f 


2.405 


i 


213.82' 


43 


1452.2 


78 


4778.8 


i 


2.761 


17 


226.98 


44 


1520.5, 


79 


4901.6 


2 


3.141 


i 


240.52,145 


1590.4 


80 


5026.5 


i 


3.976 


18 


254.46 


145 


1661.9 


81 


5153.0 


i 


4.908 


i 


268.80 


47 


1734.9 


82 


5281.0 


f 


5.939 


19 


283.52 


48 


1809.5 


83 


5410.6 


8 


7.068 


i 


298 64! 


49 


1885.7 


84 


5541.7 


i 


8.295 


20 


314.16, 


50 


1963.5 


85 


5674.5 


i 


9.621 


i 


830.06 


51 


2042.8 


86 


5808.8 


f 


11.044 


21 


346.36 


52 


2123.7 


87 


5944.6 


4 


12.566 


i 


363.05 


53 


2206.1 


88 


6082.1 


i 


15.904 


22 


380.13 54 


2290.2 


89 


6221.1 


5 


19.635 


i 


397.60 55 


2375.8 


90 


6361.7 


i 23.758 


23 


415.47 


56 


2463.0 


91 


6503.8 


6 28.274 


i 


433.73 


57 


2551.7 


92 


6647.6 


i 33.183 


24 


452.39158 


2642.0 


93 


6792.9 


7 38.484 


i 


471.43 59 


2733.9, 


94 


6939.7 


i 44. 178 


25 


490.87 60 


2827.4 


95 


7088.2 


8 50.265 


26 • 


530.93 


,61 


2922.4 


96 


7238.2 


i 56.745 


27 


572.55 


62 


3019.0 


97 


7389.8 


9 163.617 


28 


615.75163 


3117.2; 


98 


7542.9 


i 70.8821 


29 


660.52 64 


3216.9 


99 


7697.7 



HYPERBOLIC LOGARITHMS. 

The common logarithm multiplied by 
2.30258509 gives the hyperbolic logarithm, 
and the hyperbolic logarithm multiplied 
by 0.43429448 gives the common logarithm. 



Digitized by VjOOQIC 



Steam Engine Catechism. 



141 



The following table contains the hyper- 
bolic logarithms for numbers up to 89, 
which is considered sufficient for applica- 
tion to expansion of steam : 





HYPERBOLIC LOGABITHMS. 




No. 


J 


No. 


J 


No. 


1 


No 


^i 




^1 




wi 




w| 




S) 


T" 


0.00000 


T" 


1.88629 


7 


1.94691 


10 


2.80268 


1.1 


0.09690 


4.1 


1.41096 


7.1 


1.960C0 


11 


2.89689 


1.3 


0.18218 


4.2 


1.48505 


7.2 


1.974C6 


12 


2.48491 


1.8 


0.26284 


4.8 


1.45859 


7.8 


1.98787 


18 


2.66494 


1.4 


0.38646 


4.4 


1.48161 


7.4 


2.00149 


14 


2.68906 


1.5 


0.40505 


4.5 


1.50408 


7.5 


2.01490 


15 


2.70806 


1.6 


0.40998 


4.6 


1.52608 


7.6 


2.0i816 


16 


2.77259 


1.7 


0.53068 


4.7 


1.54758 


7.7 


2.04115 


17 


2.83321 


1.8 


9w58776 


4.8 


1.56859 


7.8 


2.05415 


18 


2.89037 


1.9 


0.64181 


4.9 


1.58922 


7.9 


2.06600 


19 


2.94444 


S 


0.69815 


5 


1.60944 


8 


2.07944 


20 


2.99578 


2.1 


0.74190 


5.1 


1.62922 


8.1 


2 09190 


21 


SMm 


2.2 


0.78848 


5.2 


1.64866 


8.2 


2.10418 


22 


8 09104 


2.8 


0.a3287 


5.8 


1.66770 


8.8 


2.116;i2 


23 


8.13649 


2.4 


0.87544 


64 


1.68683 


8.4 


2.128'JO 


24 


3.17806 


2.5 


0.01629 


5.6 


1.70475 


8.6 


2.14007 


25 


8.21888 


2.6 


0.95548 


5.6 


1.72276 


8.6 


2.ir,rP2 


26 


8.25810 


2.7 


0.99828 


5.7 


1.74046 


8.7 


2.ir83(< 


27 


8.29564 


2.8 


1.02962 


5.8 


1.76785 


8.8 


2.1748;i 


28 


8.83220 


2.9 


1.06473 


5.9 


1.77405 


8.9 


2.1861.*) 


29 


8 86730 


3 


1.09861 


6 


1.79175 


9 


2.19722 


30 


3.40120 


8.1 


1.18140 


6.1 


1.80«27 


9.1 


2.20aS7 


81 


8.43899 


8.2 


1.16814 


6.2 


182545 


9.2 


2.21182 


32 


8.46574 


3.8 


1.19594 


6.8 


1.840.^'i 


9.8 


2.23014 


33 


8.49P51 


8.4 


1.228'8 


6.4 


l.a5629 


9.4 


2.24086 


84 


8.52636 


8.6 


1.25276 


6.5 


1.87180 


9.6 


2.26129 


85 


8.r)5536 


Z.6 


1.2S090 


6.6 


1.88668 


9.6 


2.26191 


36 


8.588>ii3 


6.7 


1.8nP84 


6.7 


1.90218 


9.7 


2.27228 


37 


8.61092 


8.8 


l.aW46 


68 


1.91689 


9.8 


2.28266 


88 


8.68759 


8.9 


1.36099 


6.9 


198149 


9.9 


2.39171 


39 


3.66356 
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Q. What ia the advantage of setting the 
fly-wheel close to the orank ? 

A. When the fly-wheel is set close to the 
crank there is less strain on the main shaft 
and less thumping when the pillow-block is 
loose.* 

Q. What is a good material for connect- 
ing rods? 

A. A good material for connecting rods is 
mild, hammered, open-hearth steel. 

Q. When a connecting rod has only one 
sohd end, which end should it be ? 

A. If there is only one solid end that 
should be the crank-pin end, as the easiest 
put on. The brasses can then be put on 
from the front side and held by a cap cov- 
ering the end of the crank-pin. 

Q. How wide should the adjusting wedges 
be in connecting rods? 

A. The adjusting wedges should be as 
wide as the brasses, to prevent upsetting, 
mashing or straining the latter. 

* Raffard's experiments described at full 
length in the Supplement or second part of 
this work, (which see) show a marked saving 
In engine friction by having the fly wheel at 
the crank end. 
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Q. Which is best for cross-head pins; to 
have them turn in the cross-head or in the 
end of the rod? 

A. It is best to have the cross-head pin 
turn in the cross-head, because that gives 
double length of bearing. 

Q. Where the cross-head pin is fast in the 
cross-head and turns in the rod-end, how 
should it be made ? 

A. Where the cross-head pin turns in the 
end of the rod, it had best be cast in one 
piece with the cross-head, so it cannot pos- 
sibly work loose. 

Q. What is the best iron for cranks and 
crank-disks ? 

A. The best iron for cranks and crank- 
disks is car-wheel mixture, which is a close, 
hard charcoal iron. 

Q. What is a good material for crank- 
pin? 

A. A good plan is to make crank-pins 
with a mild steel center and hardened steel 
wearing surface. 

Q. Are tapered crank-pins advisible ? 

A. Tapering the crank-pin gives increased 
stiffness and greater wearing surface. 
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Q, "What is the best way to ensure the 
crank-pin being in perfect line with the 
main shaft, and at right angles with the 
crank? 

A. The best way is to bore the hole for 
the pin after the crank has been put on, 
keyed, and finished up. 

Q. What are some of the good points of 
a governor? 

A. A governor should permit the ports to 
be full open at the beginning of the stroke, 
and should cut off (without changing the 
lead) at just such a point as will keep the 
engine speed constant. It should work un- 
der greatly varying load, or greatly varying 
pressure, or both combined, without permit- 
ting over two per cent, of variation in speed, 
from fuU load to empty running; and should 
stop the engine in case it does not work 
safely. It should not have slipping belts, 
nor high speed, back-lashing gears, and 
should have no stuffing box and stem likely 
to stick. 

Q. Does the lead generally remain the 
same when the cut-off is changed? 

A. No; it generally increases as the cut- 
off is made earlier. 
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Q. With what class of valve-gear is the 
increase of lead with earlier cut-off most 
marked? 

A. With the Stephenson link-motion. 

Q. Why should not the lead be changed 
when cut-off is changed ? 

A. As there is a certain amount of lead 
required to ensure smooth running at each 
speed, and as varying speeds are not desi- 
rable in stationary engines, the engine 
should be set, when hot, with the proper 
amount of lead for the regular speed; and 
this lead should not be changed while that 
speed remains constant. 

Q. What are the good iX)intB of under- 
neath steam-chests ? 

A. Underneath steam-chests let water of 
condensation out of the cylinder, without 
giving it much opportunity to get in. 

Q. What produces most of the same result 
as the under-hung steam chest? 

A. Valve and ports on the side. 

Q. What benefit comes from having an 
** overhung " cylinder ? 

A. The ** overhung " cylinder can change 
in length, by reason of varying temperature. 
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without springing the frame or throwing 
working parts out of line. 

Q. On which end of the stroke does the 
piston travel fastest ? 

A. The piston travels faster on the end of 
the stroke furthest from the orank. 

Q. Which should be the weaker; the pis- 
ton head or the cylinder head? 

A. The piston head should be weaker 
than the cylinder head, as being cheaper, 
quicker and easier replaced, and doing less 
damage when broken by a charge of water 
or other cause. It is, however, a good plan 
to provide a comparatively weak ** breaking 
piece" in the cylinder head, so that thiswiU 
give way sooner than the piston head or 
cyhnder head. 

Q. What is the advantage of putting the 
pillow-block caps on at an angle? 

A. When pillow-block caps are put on at 
an angle the construction is very simple, 
and the adjustment can be made in line 
with the wearing parts. 

Q. What is the disadvantage of drop cut- 
off engines with a single eccentric? 

A. If the cut-off does not take place dur- 
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ing the forward part of the yalye's motion, 
the yalve must remain undisturbed until the 
next stroke, cut-off will be missed, and 
steam follow full stroke. This is bother- 
some, if the work so varies as to require 
out-oflf at from J to ^^ stroke. 

Q. What aie the best materials for cross- 
head shoes? 

A. Depends on the cross-head guides, and 
the amount of pressure, and the kind of 
lubrication. Cast iron, bronze, and apple 
wood, all give satisfaction. 

Q. Which should have the greater diam- 
eter, the crank-pin or the cross-head pin ? 

A. The crank-pin should be the greater 
in diameter. For a six-inch crank-pin there 
would be needed a cross-head pin about 4.4 
inches in diameter. 

Q. Are there engines with less than 2 per 
cent, of clearance? 

A. There are some of very large size 
where the clearance runs lower than this; 
but very few. 

Q. If you build an engme 18' X 36", or 
18" X 42", what should be the diameter of the 
crank shaft, and what that of the crank-pin?" 
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A. The shaft one-half the cylinder diam- 
eter, and the orank-pin one-fourth. 

Q. What sets the limits on high speeds ? 

A. Constructiye considerations set the 
limits on high rotation speed. 

Q. What is the principal disadvantage of 
a four-ported engine? 

A. The principal demerit in most four- 
ported engines is that if the steam-valyes 
leak between cut-off and cushion, the live 
steam will blow through with the exhaust. 

Q. Is there more friction for a heavy fly- 
wheel than for a light one ? 

A. Not much more. 

Q. Could on engine be made with the 
main valve hke that is the Wheelock, but 
having the cut-off inside of the main valve 
instead of under it ? 

A. Engines are so made. 

Q. Which is the thicker, the cylinder 
flanges or the cylinder heads; and why? 

A. The cyhnder flanges are the thickest, 
BO that a break would occur in the head 
rather than in the cylinder well itself. 

Q. Why should locomotive cylinders have 
thicker metal than on stationary or marine 
engiaes ? 
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. A. Because there must be more metal 
allowed for re-boring. 

Q. Why should there be more frequent 
re-boring in locomotive than in marine or 
stationary cylinders? 

A. Because the piston speed is generally 
higher, and because there are often ashes 
drawn in through the exhaust nozzle into 
the cylinder, which they cut considerably. 

Q. What is the objection to bolts in a 
cylinder head, for locomotive work ? 

A. If a bolt breaks, it is necessary to take 
off the whole cylinder lagging in order to 
place the new bolt in position. But if a 
stud breaks, the part left in the cylinder 
flange can be drilled out without disturbing 
the cyUnder lagging. 

Q. How thick should the cylinder head 
be? 

A. The cylinder head may have a thick- 
ness equal to the square root of the boiler 
pressure, times 0.003 the cylinder diameter 
in inches. 

This rule is given on good authority; and, 
Hke almost all rules, is good within certain 
limits. 
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For an 18" cylindw, this gives the follow- 
ing thicknesses for various boiler pressures: 



40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
100 



8q.Bt.B.P. 



6.3246 
6.7082 
7.0711 
7.4162 
7.7460 
8.0623 
8.3666 
8.6603 
8.9443 
9.2195 
9.4868 
9.7468 
10. 



n 



.34 
.36 
.38 
.40 
.42 
.44 
.45 
.47 
.48 
.50 
.51 
.53 
.54 



105 
110 
115 
120 
125 
130 
135 
140 
145 
150 
155 
160 
165 



Sq.Rt.B,P. 



10.2470 
10.4881 
10.7238 
10.9545 
11.1803 
11.4018 
11.6190 
11.8322 
12.0416 
12.2474 
12.4499 
12.6491 
12.8452 



.56 
.57 
.58 
.59 
.60 
.62 
.63 
.64 
.65 
.66 
.67 
.68 
.69 



The above thicknesses are got by multi- 
plying the figures in the second columns by 
0.054. 

The annexed tables gives the required 
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cylinder head thiokness, according to 
Marks' role, for various boiler pressures 
and cylinder diameters : 



B.P. 


10" 
0.080 


12', 
0.036 


14- 
0.042 


16' 


18' 


20' 

0.060 




LBS. 


0048 0.054 


V B. P. 


40 


.19 


.^ 


.27 


.30 


.34 


.38 


6.3246 


45 


.20 


.24 


.28 


.32 


.36 


.40 


6.7082 


50 


.21 


.25 


.30 


.34 


.38 


.42 


8.0711 


55 


.22 


.27 


.31 


.36 


.40 


.44 


7.4162 


60 


.23 


.28 


.33 


.37 


.42 


.46 


7.7460 


65 


.24 


.29 


.34 


.39 


.44 


.48 


8.0623 


70 


.25 


.30 


.35 


.40 


.45 


.50 


8.3666 


75 


.26 


.31 


.36 


.42 


.47 


.52 


8.6603 


80 


.27 


.32 


.38 


.43 


.48 


.54 


8.9443 


85 


.28 


.33 


.39 


.44 


.50 


.55 


9.2195 


90 


.28 


.34 


.40 


.46 


.51 


.57 


8.4868 


95 


.29 


.35 


.41 


.47 


.53 


.58 


9.7468 


100 


.30 


.36 


.42 


.48 


.54 


.60 


10. 


105 


.31 


.37 


.43 


.49 


.55 


.61 


10.2470 


110 


.31 


.38 


.44 


.50 


.57 


.63 


10.4881 


115 


.32 


.39 


.45 


.51 


.58 


.64 


10.7238 


120 


.33 


.39 


.46 


.53 


.59 


.66 


10.9545 


125 


.34 


.40 


.47 


.54 


.60 


.67 


11.1803 


130 


.34 


.41 


.48 


.55 


.62 


.68 


11.4018 



For conyenience in extending the table, 
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tiie square roots of the boiler pressures are 
given in a separate column, and under each 
cylinder diameter is given, in small figures, 
the factor by which to multiply the square 
root of the boiler pressure. (This factor is, 
of course, simply three thousandths of the 
cylinder diameter.) 

Q. How may the weight of fly-wheel rim 
be determined ? 

A. The Buckeye Engine Company divides 
6,500,000 by the diameter of the wheel in 
feet and by the square of the number of rev- 
olutions per minute to get the weight of nm 
per horse power in pounds for automatic 
engines; and for throttling engines substi- 
tutes 5,000,000 for 6,500,000. 

Thus an automatic engine making 100 
turns per minute would require for a 13-foot 
wheel 6,500,000 -«- (13x10,000) — 50 pounds 
per horse power in the rim: and if it was a 
250 horse-power engine the weight required 
in the rim would be 250x50 — 12,500 lbs. 

If it was a throttling engine the Buckeye 
people would give in the rim 5,000,000 -s- 
(13X10,000) --38.46 pounds per horse-power 
or 38.46x.250 —9,615 pounds. 
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The above rule gives much too light 
weights for rolling-mill work, and the 
weight should be increased 100 per cent. , if 
transmission is by belts, and 100 per cent, if 
by gear-wheels, or if there is * 'direct drive" 
by clutches. 

If the diameter of the fly-wheels be 
reduced to ten feet, the rim-weight required 
for the automatic engine at 100 turns per 
minute would be 6,500,000 ^ (10x10,000) 
— 65 pounds per horse-power instead of 50, 
and for the throttling engine at the same 
speed, 5,000,000 -i- (10x10,000) — 50 pounds 
per horse power instead of 38.46. 

Q. A fly-wheel designed for a certain 
engine is, say, 18 feet in diameter, and 
10,000 pounds rim weight. If lack of space 
requires a 14-foot wheel, how should it be 
proportioned? 

A. To make a small wheel equal in 
efficiency to the large one, its weight should 
be inversely as the square of the diameter to 
center of rim thickness as compared with 
that of the larger wheel. If the diameter of 
large wheel is 18 feet to center of rim, and 
that of the small wheel 14 feet, then the 
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weight of ihe small wheel should be as 18 X 
18—324 is to 14x14— 196 compared with 
the large one. So the 14-foot wheel should 
have a rim weighing 10,000X324 -i- 196—17, 
041 pounds. 

Q. "What is a "stroke" of a steam engine? 

A. A to-and-fro motion, during a com- 
plete crank revolution, from one dead cen- 
ter position to the same. 

Q. "What are the ways of measuring the 
stroke of an engine? 

A. Measure the distance from crank pin 
center to shaft center, and double it; scribe 
a mark on the crosshead slides and measure 
between the extreme points on the guides, 
which this mark attains. 

Q. How long is the crank throw, com- 
pared with the stroke ? 

A. One-half. 

Q. How can you find the exact dead cen- 
ter of an engine ? 

A. Find that point at which, marks being 
made on crosshead and guides, partial rev- 
olution of the crank causes the crosshead to 
move toward mid-stroke. 

Q. How can you find the mid-stroke of 
an engine ? 
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A. Put a scribe mark on the crosshead, 
and one on the guides to correspond, at 
each dead center; equally divide the distance 
between the marks on the guides. 

Q. Lj the piston in the center of the cyl- 
inder length when the crank is at half- 
throw? 

A. No. 

Q. What is the use of the counter-bore? 

A. To prevent the piston from wearing a 
shoulder in the cylinder, at the end of its 
stroke. 

Q. How does the counter-bore prevent 
this? 

A. This piston travels beyond the begin- 
ning of the counter-bore; hence there is 
nothing for its edge to wear a shoulder on. 

Q. What harm would a shoulder do, even 
if there was one there? 

A. If there was any change in the travel 
of the piston, by which, its stroke was in- 
creased, or without the stroke being changed 
in length, it was moved along the bore, 
either toward the crank, or from it, the 
edge of the piston would strike this shoulder, 
and a smash-up would be likely to occur. 
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Q. What would canse the stroke of the 
piston to leDgthen ? 

A. This would hardly be likely to happen. 
It would necessitate the crank pin getting 
smaller, and at the same time so eccen- 
rically worn as to bring its center further 
from the main center than it was oaiginally. 

Q. What would cause th e stroke to change 
in place in the bore ? 

A. Such an arrangement of the adjust- 
ment in the connecting rod brasses, or in the 
fastening of the piston rod, either in the 
crosshead or in the piston head; or such a 
change in the main bearing brasses, as 
would move the piston head toward or from 
the main bearing. 

Q. What would be most likely to caus« 
the stroke to move further from the cross- 
head end of the cylinder? 

A. Lengthening of the distance between 
centers of the crosshead pin and the crank 
pin, caused by having the adjustment oi 
the brasses such that the key for the cross- 
head pin was in front of the pin, and that 
of the crank pin was behind the latter. 
Then as the brasses wore and the keys were 
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driven up, the pins would be driven farther 
apart. 

Q. Having provided a counter-bore to 
prevent accident by the piston head strik- 
ing any possible shoulder, is there any more 
danger of accident taking place by change 
in place of stroke 

A. Yes, particularly if there is not very 
much head clearance. In engines having 
very small head clearance, there is some 
little danger lest the piston head strike the 
cylinder head, and a good deal more liabil- 
ity to there being an accident by reason of 
water in the decreased clearance space. 

Q. "What precautions should be taken in 
packing a stuffing box with soft packing? 

A. Out the lengths a very Httle too short, 
even if that allows a very sHght leak at first ; 
then when the packing gets wet and swells 
it wlQ be tight without causing undue fric- 
tion. 

Q. Should all the rings of soft packing be 
put in before tamping up, or not? 

A. Ihe lengths should be put in one by 
one, and each one properly sent home be- 
fore the next one is put in. 
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Q. Whatmaybesaidof the use of a tamp- 
ing stick for soft packing? 

A. For small packing, each coil should be 
sent home with the gland or follower, and 
before the next one is put in ; care being 
taken not to pack too tight. In the larger 
sizes of packing, say from 1" np, it is good 
practice to have the packing from ^^ to J 
larger than the space, and in such case it 
may be necessary to use a tamping stick to 
get the ring started; but you should then 
follow up with the gland. 

Q. What should be done in case the ec- 
centric got worn flat in two spots? 

A. Turn or file it down to a true circle. 

Q. How would this aflEect the valve throw ? 

A. Lessen it. 

Q. What is the meaning of ''brass bound?" 

A. Boxes are brass bound when the half 
brasses touch each other and can not be 
driven up any closer. 

Q. Suppose the crosshead boxes and 
crank-pin boxes get brass bound ; how may 
their lost motion be taken up? 

A. File off their top and bottom edges. 

Q. What should be done when the cross- 
head shoes get worn? 
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A. They should be tmed np by planing, 
or by chipping, filing and scraping ; re-bab- 
bitted if formerly filled. 

Q. What should be dcme if the cylinder 
gets worn ont of true? 

A. It should be re-bored, if thick enoogh 
to stand it. 

Q. What should be done when a dide- 
yalve gets leaky from wear? 

A. It should be re-faoed in a planer ; or 
chipped, filed and scraped true, and its 
seat either chipped, filed and scraped, or 
trued by a valve-seat planer. 

Q. What should be done when the crank 
pin or the crosshead pin gets worn out of 
round? 

A. It should be turned true, in place, by 
a special machine ; or else filed and draw- 
filed true. 

Q. What would you do if a main bearing 
heated? 

A. Slack up the cap bolts, and apply 
black lead and oiL 

Q. What should be done if the eccentric 
slipped round? 

A. It should be put with its "belly," or 
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full part, 90^ ahead of the crank (in the di- 
rection in which the crank turns), and then 
(the crank being put on the center) moved 
enough further ahead to open the yalve the 
desired amount of lineal lead (as shown by 
scribe marks, or by opening the chest) ; or 
to give the eccentric the desired amount of 
angular lead. Then the set screws, or the 
keys, should be fastened. 

Q. What should be done if the stop yalve 
stuck open? 

A. The back valve at the boiler should 
be used, if there was one. 

Q. Why do sto^ valves stick on their 
seats? 

A. They sometimes do so because shut 
tight when cold ; then the stem lengthens 
more than the case, and they are hence jam- 
med hard down. 

Q. What should be done if the stop valve 
stem broke off inside the stuffing box?' 

A. The back valve should be shut ; then 
the disk of the stop valve removed from its 
seat, and the engine controlled by the back 
valve. 

Q. Suppose there was no auxiliary stop 
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Talye ; how could the engine be stopped or 
started? 

A. In some engines this could be done by 
disengagiDg the eccentric hook and working 
with the starting bar. 

Q. What should be done in case a bolt or 
nut broke off and let steam escape through 
the hole? 

A. Plug it with pine wood ; or hold a gum 
patch over it by an iron washer and a stick 
jammed against the nearest convenient walL 

Q. What is so called "lost motion ?" 

A. The space through which one moving 
piece passes, whUe moving from contact 
with its mate, in one extreme position, to 
contact in the opposite extreme position: 
familiarly speaking, the amount of ''shake" 
in a joint which should be a good fit 

Q. How may lost motion be taken up ? 

A. By set screws, wedges, or " shims '» 
(thin pieces of paper, tin, etc.) 

Q. Where should knocks be looked for? 

A. In connecting rod box, piston, cross- 
head key, valve connections, pillow block 
box, crank pin boxes, and crosshead slides ; 
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in rocker arm brasses and connections, 
where there are any. 

Q. When an engine is ont of line, where 
is there most strain, and why ? 

A. When the piston is furthest from the 
crank ; because then the connecting rod and 
croBshead connections have least chance to 
spring. 

Q. How should an engine be lined up? 

A. Take off both cylinder heads; tak9 
out the piston ; remove crosshead and con- 
necting rod ; make a wooden "spider" to fit 
each end of the cylinder bore; draw a cord 
through this, and see that the crank shaft is 
at right angles to the cylinder axis; and that 
the crank is also at right angles thereto 
when on each center. 

Q. In resetting an engine, what is one of 
the first things to do? 

A. To clean all parts thoroughly; taking 
off the back head, and taking out the pis- 
ton, having driven out the key in the cross- 
head. 

Q. What precaution should be taken with 
the packing rings in resetting a horizontal 
engine? 
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A. The rings should be tnmed "other 
side up," so as to bring the **down" side, 
that has been getting the most wear, to the 
top of the head, so as to equalize the wear. 

Q. How may the packing springs be 
tested? 

A. The packing springs may have their 
elasticity tested by pressing them with a 
lever. 

Q. Should packing rings be run loose or 
tight? 

A. Packing rings should be run as loosely 
as will permit of their being steam tight 
under the maximum steam pressure that 
will be put on them. 

Q. How may the tightness of packing 
rings be tested ? 

A. By blocking an engine on the top or 
bottom quarter and opening the throttle. 
Then if steam escapes at both cylinder 
cocks the rings are not tight enough. 

Q. In setting packing rings how may the 
piston rod be kept central ? 

A. By frequent use of calipers, having 
one point turned out at right angles to the 
other; or by a hard- wood distance piece. 
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Q. How should the valve positiou be 
marked? 

A. Before putting on the chest cover the 
valve should be put in its central position 
and a mark put on its stem, and a corres- 
ponding locating mark on some immovable 
part of the chest — not the stuffing-box 
gland. 

Q. How may the tightness of a slide-valve 
be tested? 

A. The tightness of the shde-valve may 
be tested by blocking the engine in such a 
position that the valve will stand centrally 
over the ports, covering them; (this can be 
done by means of the scribe marks;) then 
letting steam into the chest; when, if any 
steam escapes through the cylinder cocks, 
the valve leaks. 

Q. How may the bearings be ''cut" from 
gum? 

A. All gum may be "cut" out from the 
bearings by the use of coal-oil or turpen- 
tine. 

Q. How may pounding be searched for? 

A. Pounding may be searched for by 
blocking the cross-head at mid-stroke, and 
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then working the cross-head slightly back 
and forth, and watching the bearings. 

Q. How may pounding be intensified so 
as to make it more easily found ? 

A, By giving the engine its heaviest load. 

Q. What scribe marks should be made on 
the guides? 

A. When the connecting rod is down the 
piston head should be shoved np until it 
touches each cylinder head, and '^danger 
marks" scribed on the guides, correspond- 
ing to some mark on the cross-head, so as 
to show if the piston head is too near the 
oyUnder heads, when all is keyed up. 

Q. How may it be shown if the main 
shsif t is out of line with the cylinder ? 

A. Lay a level across the guides and 
mark where the bubble stands; then when 
laid on the main shaft the bubble should 
stand at the same point, (supposing that the 
level has not been turned end for end). 

Q.- How may the shaft be tested for 
squareness fore and aft? 

A. By stretching a line parallel with the 
guides, out past the crank; the distance 
between the line and the crank-pin collar 
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should be the same on both front and back 
centers. If there is a crank disk, the dis- 
tance between that and the liue should be 
the same, fore and aft, no matter where the 
crank-pin stood. 

Q. How should an engine be started; and 
why? 

A. Slowly; first warming up the cylinder; 
the drip cocks being left open, to let out the 
water of condensation. 

Q. What harm might result from starting 
with drop cocks shut, or shutting them too 
soon? 

A. The cylinder head or the piston head 
might be smashed through the inelastic 
water of condensation filling up all the 
clearance space. 

Q. What precaution is it well to adopt 
with regard to the main steam pipe ? 

A. To have a blow-off cock right back of 
the throttle valve, to drain the pipe of the 
water of condensation, which might other- 
wise get into the cylinder and cause trouble 
or accident. 

Q. Should the governor speed of a Harris 
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Oorlifis engine be increaBed or diminished to 
speed np the eugine ? 

A. It should be decreased. 

Q. * * We have just got through haying our 
back cylinder head knocked out by the con- 
necting rod haying got too long. How may 
this' be prevented in the future?'* 

A. You should have a gauge to measure 
the distance between wrist-pin and crank- 
pin. Have the brassses so that as one end 
of the rod is lengthened by being set up, 
the other will be shortened. 

Q. Can a leaky piston make much difiEer- 
ence in the steam consumption, or is this 
only a "bug-a-boo?" 

A. I have before me the record of a case 
where I found everything in good condition, 
except that the piston was leaky, and tested 
the coal consumption before and after set- 
ting out the rings. The coal saving in this 
instance (the engine was IS'XSO", making 
100 turns per minute, and cutting off about 
half-stroke before the piston was packed,) 
was the difference between 4^ gross tons for 
ten hours engine-work, and 2f tons; or 2| 
tons per day, 12} tons per week, and about 
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650 tons per year. At $3.50 per ton, that 
oame to $2,275 a year. 

Q. Should two or more engines exhaust 
into the same pipe ? 

A. When two or more engines exhaust 
into the same pipe, there is apt to be exces- 
sive back pressure In both, or, at least, the 
one which would naturally have the most 
back pressure will be apt to increase that in 
the other. It should be noted in indicating 
an engine, whether or not its back pressure 
is likely to be increased, without any fault 
of its own, by the exhaust from another 
engine. 

Q. Why is it that better results are some- 
times got with throttle only partly open 
than with it f uU wide open ? 

A. Perhaps the steam is very wet and the 
throttle dries it. This question can not be 
properly answered without fuller particulars 
being given. 

Q. What are the effects of high piston 
speed on the roi-packing ? 

A. High speed tends to cause rapid wear 
of the rod-packing, and leakage of the stuf- 
fing-box. 
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Q. What are the effects of high prsBSures 
upon the rod-packings ? 

A. High pressures increase the difflculty 
of keeping the valye-stem and piston-rod 
stnffing-boxes tight. 

Q. Is there any good way to prepare 
piston rod-packing before putting it in the 
stuffing-box ? 

A. Take some pieces of "wrought-iron pipe 
somewhat larger in bore than the stuffing- 
box, and cut packing to fit these; put them, 
with the packing in them, in the cylinder 
oil can, for two or three days; take them 
out and draia them. 

Q. If an engine is balanced so that it will 
run smoothly, will it be safe to put upon the 
top floor of a building ? 

A. Not always. The engine may run 
smoothly at one speed, and at another 
speed it may shake the whole building, even 
though that speed is slower than the one at 
which it runs smoothly. 

Q. How is the best general balance of an 
engine got? 

A. "When the counter weight equals one- 
half the weight of reciprocating parts, 
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increased by that portion of the connecting 
rod which may be considered as centrifugal 
in itB effect. 

Q. Has the steam pressure npon the 
piston of a steam engine any effect upon 
the balance of the engine ? 
*A. No. 

Q. What is friction ? 

A, The resistance which two contacting 
surfaces have to being moved, one over the 
other. 

Q. What are caused by friction ? 

A. Heating and abrasion, or cutting. 

Q. What reduce friction ? 

A. Lubrication; good fits; proper speed; 
lessening the pressure between the contact- 
ing surfaces. 

Q. What is abrasion? 

A. Wear, grinding, cutting. 

Q. How many kinds of friction are there ? 

A. Three; sliding, rolling, and fluid. 

Q. What kind is the friction of the cross- 
head on the guides? 

A. SHding. 

Q. Then is not that of the journals in 
their bearings rolling friction ? 
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A. No. The friction of a journal with its 
bearings is not rolling friction, nor anything 
like it; it is simply oontinuons sliding 
friction. 

Q. Where does sliding friction occur ? 

A. Sliding friction occurs where any one 
point of either of the rubbing surfaces pass- 
es a number of other points upon the other 
surfaces. 

Q. What distinguishes rolling friction? 

A. In rolling friction, a number of suc- 
cessive points upon one of the surfaces is 
presented to a number of successive points 
on the other. Bearing this in mind, it will 
readily be seen that where the journal runs 
in a bearing, or upon it, or under it, (for 
journals run all three of these ways,) each 
point upon each of the rubbing surfaces 
passes every other point upon the circle, of 
the other surfaces. 

Q. Which is the greater, sliding or rolling 
friction? 

A. There is much more resisting force 
where this continuous sliding friction takes 
place, fhan where one wheel runs upon 
another. 
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Q. Is friction a very important matter, 
outside of the question of wear? 

A. The importance of reducing journal 
friction mayx>^^^ps ^^ appreciated when 
we consider that in many machines tHe only- 
losses of power are those due to its retard- 
ing force. 

Q. What is the prime cause of friction? 

A. It may be set down as a pretty general 
principle, that the rougher the surfaces in 
contact, the greater will be the amount of 
friction. Where the journal rotates in the 
bearing (or on it, or under it, as the case 
may be), the roughnesses of one surface in- 
terlock with those upon the other. 

Q. How may we lessen this sliding fric- 
tion of journals? 

A. We may lessen this friction by lessen- 
ing the pressure between the surfaces, and 
thus enabling the roughnesses to ride over 
one another more easily; or we may fill up 
the depressions with some substance which 
will lessen the depth of the projections. 

Q. What may be said about the friction 
of a journal in a bearing haying intermit- 
tent lubrication ? 
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A. Where a journal mnB in a bearing 
which is lubricated, the friction is not that 
of solids but partly that of solid upon liquid, 
and partly that of one liquid film upon an- 
other. When the journal runs dry, there is 
solid friction; when it is flooded there is 
liquid friction; between these extremes 
there is mixed friction; and this is gener- 
ally the result. 

Q. Would it be a good thing to have per- 
fect fluid friction under journals? 

A. It would be highly desirable to have a 
condition of perfect fluid friction with jour- 
nals; for, under such circumstances, the 
friction should be independent of the pres- 
sure, and vary at the square of the speed. 
It would be directly as the area o( the jour- 
nal and bearing and would be reduced as 
the diameter rose and the viscosity of the 
lubricant decreased. 

Q. What is the minimum loss from engine 
friction ? 

A. That cannot be stated. An engine 
that has a friction of only 10 per cent, of 
its developed power is doing very welL 

Q. What will help get it down this low? 
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A. Good regular lubrication. 

Q. Wliat ifl the maximum percentage of 
friction possible; and where do we find it ? 

A. 100 per cent.; where the engine ia 
* * running empty. " 

Q. Does friction increase with speed, or 
decrease? 

A. Both. Where the speed is slow, 
increasing it may decrease the friction per 
turn; but where the speed is fast, it may be 
found that increasing speed increases the 
friction per turn also. There are two sides 
to almost every question, and particularly 
so in this case. 

Q. What may be said about loss from 
friction of the slide-valve? 

A. In most slide-valve engines there is a 
great unbalanced pressure upon the valve 
area, or upon a large portion of it, and this 
causes friction between the valve and its 
seat. If there was not a great deal of fric- 
tion here the shde-valve stem could be 
made of much less diameter. 

Q. What is a good proof that a slide-valve 
is really balanced ? 

A. Whenever you hear any one talk 
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about having a perfectly balanced slide- 
valve, just ask him to tan) down the valve 
stem for about one inch of its length, any- 
virhere outside of the stuffing box. When 
you can run an 18" by 36" engine with a 
quarter-inch valve stem, then you can talk 
about a balanced valve. 

Q. What other places are there where 
loss is occasioned by friction ? 

A. There is friction between the piston 
and the cylinder, especially in horizontal 
engines. Ihere is friction in the stuffing- 
boxes. There is friction between the cross- 
head slides and their guides. There is 
friction in the main journals; at the crank 
pin, at the crosshead pin, and all over the 
engine wherever there are surfaces rubbing 
together. 

Q. Has the diameter of the journal much 
or little effect upon the friction? 

A. Very little. 

Q. How about the matter of fit between 
a journal and its bearings? 

A. It is highly desirable that a journal and 
its bearings should fit each other (although 
not accurately or tightly) through as large 
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an arc as possible. Thus, in the case of hori- 
zontal journals, it is best that the journal 
and its under bearing should have an arc of 
contact of nearly 180®; although it is much 
more often that we find only 100*'. 

Q. What are the objections to very loose 
bearings? 

A. It is very important that the bearing 
should not be much too large for the jour- 
nal; as in this case the pressure would be 
concentrated over a smaller area than if the 
bearing touched the journal ail around. 

Q. How about a journal **working to its 
bearmg ? " 

A. It is much better to have the journal 
made to fit its bearing than to trust to the 
latter wearing to fit the journal 

Q. Is the pressure on the bearing the 
same all around its circumference ? 

A. In a horizontal, semi-circular bearing, 
the pressure is nothing at the horizontal 
line, and greatest at the bottom. 

Q. As between a too loose journal and a 
too tight one, which is the greater evil ? 

A. It has been calculated that where a 
horizontal bearing and its journals are 



Digitized by VjOOQIC 



Steam Enoinb Catbohism. 177 

absolutely fitted together, the friction is 
1.27 times as great as with a loosely fitted 
journal. "Where the journal is so grasped 
as to give uniform pressure throughout, the 
friction is 1.57 times as great as it would be 
if fitted loosely. 

Q. What class of ergines generally give 
most trouble with their crank pins ? 

A. Propeller engines are generally par- 
ticularly troublesome in this respect, unless 
the crank pin length is made very great. 

Q. What difference does the diameter of 
a crank pin make, as regards heating? 

A. As long as the pressure and speed are 
reasonable, that is, are not calculated to 
squeeze out the lubricant and cut the brass, 
the diameter of the pin does not affect its 
heating: because while small journals have 
more pressure per square inch on them, 
they have proportionately less velocity of 
rubbing surfaces. 

Q. At what point in the stroke does the 
friction upon the crank pin bear the great- 
est proportion to the useful effect of the 
stress in causing the crank pin to turn? 

A. At the dead points. 
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Q. What curious effect has been shown 
by calculation, with regard to the dead 
points ? 

A. That for about three degrees after the 
crank has left the dead point, the effect of 
the pressure upon the crank pin is actually 
to retard the engine. 

Q. Are the top and bottom guides of 
a horizontal engine worn alike ? 

A. No; in engines which throw over, most 
of the pressure and wear are upon the bot" 
tom guide, and vice versa, 

Q. How is it that the pressure is always 
upon one guide, upon both the front and 
the back stroke ? 

A. When the engine is throwing over and 
running forward (speaking of a horizontal 
stationary engine), upon the out stroke, the 
resistance of the crank, upon being lifted 
and forced forward, presses the crosshead 
against the bottom guide. Upon the return 
stroke, the resistance of the crank, upon be- 
ing pulled back and lifted, draws the cross- 
head againsfe the lower guide. 

Q. What may be said about the manner 
of lubricating ? 
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A. It should be regular, contmuoos, and 
imiform 
Q. Are "sight feed'* cups desirable? 
A. Tes; in most places. 
Q. Are "automatio" cups advantageons? 
A. Yes; in nearly every case. 
Q. What may be said about oil holes and 



A. Oil holes should be kept dosed by 
wooden plugs, if they have no cups. The 
passages should be regularly cleaned out so 
that it may be certain that the oil reaches 
the surfaces for which it is intended. 

Q. What are good coolers for hot bear- 
ings? 

A. Graphite (which is the same as plum- 
bago, or black lead), flour of sulphur, mer- 
cury (quicksilver). 

Memobandxxbc. — "An ounce of prevention 
is worth a pound of cure." 

Q. Is isinglass a good lubricant ? 

A. Mica is doubtless meant. It does for 
large slides, as ways in shipyards, but not 
for engine cylinders, and hardly for jour- 
nals, unless very large ones. 
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Q. Should engine cylinder oils vaporize 
with the steam, or not? 

A. It is very desirable that cylinder oils 
should not vaporize with the steam, but 
should remain unaffected by the high tem- 
peiature in the cylinder. 

Q. What is the effect of the high cylinder 
temperature on some oils? 

A. Oils which vaporize or are otherwise 
affected by the pressure and temperature 
generally have their lubricating powers 
lessened by the change; and especially with 
those entirely or largely of animal compo- 
sition, are changed into substances which 
**pit'* or **honey-comb" the surfaces which 
they should protect from wear or injury. 

Q. How should oils be selected for high 
cylinder temperatures? 

A. In a locomotive cylinder, where a 
pressure of 160 lbs. by the gauge is reached 
there is a maximum temperature of 371*^ 
Fahrenheit; and a mineral cylinder oil to 
stand this heat must have a "flash point" 
above that temperature; other things being 
equal, the higher the better. 
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Q. Are all oils with high flaahing points 
good cylinder oils? 

A. It does not follow that having a high 
flash point makes a good cylinder oil. There 
must be **body" to resist pressure; and there 
must be **lasting properties." Judicious 
mixtures generally produce oils having the 
desired qualities in the wished-for propor- 
tions, as is shown only by actual test in 
engine cylinders. 

Q. What is the influence of the viscosity 
or thickness of the lubricant? 

A. The more viscous the lubricant, the 
greater pressure can be carried upon the 
bearing. 

Q. What should be borne in mind in 
choosing material of journals and of bear- 
ings? 

A. In choosing the material for journals 
and bearings, it is best to have one of the 
rubbing surfaces, at least, of a granular ma- 
terial; and to make that one which is the 
easier to replace, of the softer material. 
This one, which is generally the easier to 
replace, is the bearing. 
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Q. How can yon determine the preesnre 
which a bearing will stand? 

A. There is no use figuring upon the pres- 
sure which a bearing metal will stand if it 
exceeds that which the lubricant will bear. 

Q. Is there any limit to the power of an 
engine as long as there is a chance to 
increase her speed ; boiler pressure always 
the same? 

A, Increase of engine speed, without 
diminishing the mean effective pressure, 
always increases the <3apacity in the same 
proportion. 

Q. Why do you so stipulate about the 
"mean effective" pressure ? 

A. I say **mean effective" pressure be- 
cause at considerable increase of piston 
speed there might be wire-drawing of the 
Uve steam, or cramping of the exhaust, or 
both. You might double the speed of a 
slow-running engine without cramping her, 
but when you once reached the limit of 
speed at which she had port area enough, 
the ".mean effective" pressure would be 
diminished. 
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Q. Are there any other limitiTig condi- 
tions in this case? *' 

A. Yes; it is also understood that the 
speeds are not to be increased so as to canse 
flapping of the belts, or heating of the 
wearing surfaces of engine or shafting. 

Q. Will any arrangement of of pulleys on 
engine, countershaft, or machine, increase 
the power developed by the engine, or de- 
crease the power taken by the machine ? 

A. No. 

Q. If you lighten the class of work on a 
machine can you speed it up correspond- 
ingly without increasing the power it takes? 

A. Yes; conversely, a heavier class of 
work demands more power or slower speed. 
A faster speed permits increase of onput, 
but demands more power. 

Q. ip there any power in the governor ? 

A. No, it merely attends to the regula- 
tion of thb steam pressure, so that under a 
light load the pressure shall be diminished. 
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PactorofH.P 97 
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Fly-wheel, Weight of 151,153 
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Foundations 79, 183 
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PAGB 
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Gummmg 164 

H. 

Hams-Corliss Engines 166 

Heads, Cylinder 111,146,148 

Heads, Piston 117,146 

Heat Unit 185 
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High Piston Speed 168 

High Pressures 72, 8*2, 88 

High Speeds 148 
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Horse-power Tables 98 
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Intermittent Lubrication 172 
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K. 
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Lap, Removing 48 

Lap, Negative Inside 54, 57 

Lapless Valve 36, 44, 45. 46 
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Locomotive, Four-cylmder or ** Shaw " 117 
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Lubricants 74, 79, 91 
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Mica 179 

Midstroke 45, 154 
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Motion, Irregular 126 
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^«tfstiye Inside Lap 54,66 

Negative Lead 42, 4« 

Nominal Expansion Bate 71 

Kon-condncting Coverings 15 

Nuts, Broken 161 

O. 

Oils 188, 139,180 

Oils, Cylinder 180 

Oil-holes 179 

Opening, Port 60 

Outside Lap 87, 49,58,68,66 

Over-expansion 72 

O verlianging Cylinders, 145 

P. 

Packing 157 

Packing Piston 108,128 

Packing-rings 162, 168 

Packing Rod 168,160 

Packing-springs 168 

Passages 88 

Pillow-block Caps 146 

Pins (Me Crank P., Cross-head P.). 

Pipe, Exhaust 194 

Pipe, Steam 166 

Piston Displacement 90 

Piston Heads 117,146 

Piston Packing 108,128 

Piston Rods 118,119,126,126 

Piston Speed 108,180,181,146 

Plombago 179 

Port Area 114 

Port Opening 50 

Port Width 41,49 

Ports (see also Steam Port, Exhaust Port) 33 

Ports. Locomotive 115 

Position of Fly-wheels 148 
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Power, Gain in 58,164 

Power, Increasing 188 

Power in Governor 183 

Power, Limit to '. 188 
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PAGS 

Power, Measuring 91 

Power, Waste 12,15,91 

PreadnuBsioii 60 

Pressnres {see also Initia], Terminal, Back, Abso- 
lute, Average. Total, and Bffective PreBsores, 

under proper heads) 19, 184 

Pressnres, High 7S, 82, 88 

Proportions 110 

R. 

Radiation 15 

Beboring 149 

Release 48,60,51,68,58,65 

Releasing-gear, Yalve-motion 182 

Resetting 168 

Rings, Packing 168, 168 

RocK-arm 46 

Rod, Packing 108,168,169 

Rods, Piston {see Piston Rods). 

Rolling Friction 171 

Rotation Speed, Testing 103 

Rotation Speeds 109,181,188 

S. 

Saturated Steam 11 

Scribing on Guides 166 

Seal 88,65 

Shaft : 128,165 

Shaft Diameter 147 

"Shaw" Locomotive 117 

Shoes, Cross-head, 147 

Sight Feed-cups 179 

Single Eccentric 146 

Siphon Condenser 77 

Size of Engines 80 

Slides.: 106 

Slides, Area of 180 

Slide-valve 81, 88,71 

Slide-valve, Balanced 174 

Slide-valve, Friction of 174 

Slide-valve, Tightness of 164 

Slidiuff Friction 171 

Span {see Arch). 

Speed 66,69,106,108,180 



Digitized by VjOOQIC 



Ihdez. 193 



PAoa 

Speed, GoTemor 101, 106 

Speedji, High 148 

Speed, Piston (m0 Piston Speed) 140, 108 

Speed, Rotation {tee Rotation Speed). 

Springs, Packing. 108 

Starting 109,100 

Steadiness 109 

Steam 7 

Steam Chest 118 

Steam Chest, Underneath 146 

Steam, Consmnption of 81 

Steam, Dry 11,88 

Steam, Function of 11 

8 team Jacketing 87, 90 

Steam Lead 41,48 

Steam Pipe 124 

Steam, Saturated 11 

Steam, Temperature of 7 

Steam Valves 108 

Steam, Wet 127 

Steam, Stephenson link motion 145 

S top Motion 100 

Stopping 110 

. Stop-vaive broken 100 

Stop- valve sticking. 100 

Strap 122 

Stroke (gee also Travel) 05, 106, 185, 154, 160 

Stroke, Mid 154 

Superheating 87, 89, 90 

Surface Condenser 74 

T. 

Tappets 86 

Temperature of Condensing Water 79 

Temperature of Steam 7 

Terminal Pressure 20, 28, 01, 81 

Tests 125 

Throttle 108 

Throttling 168 

ThrotUing Engine 99 

Throw (see Travel). 

Throw, Crank 154 

Throw.Valve 158 

Throwing over 127 

Travel.... 85,89,49,60,63,56 
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u. 

PAUS 

Underneath steam Chest 146 

Unitof Heat 185 

V. 

Valve, D 82 

Valves, Corliss 108 

Valve, Lapless 86,44,46,46 

Valve, Lapped 41, 47, 49 

Valve, Leadless 44, 46,47 

Valve Motion 188 

Valve, Position 164 

Valve Seats, Altering 49 

Valve Setting 48 

Valve, Slide {see Slide Valve). 

Valve, Steam 108 

Valve, Stop 160 

Valve, Throw 158 

Valves, Bxhanst : 108 

Valves, Pitting 107 

Vertical Engines 104 

Volume of Steam 61 



W. 

Waste Power 12, 91 

Water hi Cylinder 112 

Water Injection 76, 76 

Wedges for Connecting-rod Ends 142 

Weight of Steam 10 

Wet Steam 12r 

Work done by 1 cubic in. of Water 98 

Work done by 1 lb. of Coal 98 

Worn Cylinder 169 

Worn Eccentrics 158 

Worn Steam Pipe 166 

Y. 
Yokeand Block 86 
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PREFACE 
TO FIRST EDITION OF PART II. 



The matter in this volume is intended as 
supplementary to the Catechism, and needs 
no excuse for its appearance. 

The extreme popularity and rapid sale of 
the Catechism proper warrants the author 
in putting in the same form, additional ma- 
terial of the same general character. 

This volume contains the answers to many 
questions which were asked by engineers 
and steam users, and the answers to which 
do n6t appear in the Catechism itself. 

It refers in many places to the Catechism, 
and is intended to be used with it. 

Particular attention is paid to compound 
engines, to link motions, to the details of 
various existing types of steam engines, and 
to matters concerning setting up, running, 
adjusting, repairing, and altering particu- 
lar builds of engines. 

There is a probability that another sup- 
plementary volume may be issued in the 
course of a short time. 
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PREFACE 
TO THIRD EDITION OF PART II. 



In this edition the reader will find about 
22 pages added, embnicing about 70 ques- 
tions and answers, mostly concerning the 
slide valve ; while a number of typographi- 
cal errors (none of them, however, im- 
portant as affecting the sense) have been 
corrected. The Index, covering nineteen 
closely printed pages, will be found to con- 
tain the proper references to the new mat- 
ter just added. * 

If there is any question relating to any 
matter concerning any kind of a steam en- 
gine, and which is not answered either in 
Part I. or in this volume, I should be very 
happy to receive it for reply by mail ; and 
such questions and their answers will proba- 
bly be added to future editions or volumes. 

Nov. 1, 1887. 
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EXPANSION, *0. 

Q. What is the advantage of an adjostable 
cut-off on marine engines ? 

A. There axe times where the engineer 
can take advantage of smooth seiu9 and 
favorable winds, and nse less steam because 
the work is less. 

Q. Is there any advantage of early cat- 
off on locomotives ? 

A. Mr. n. S. Hayward, Master Mechanic 
of the N. Y. Division of the Penn. B.B., 
says in a paper before the Am. Soc. Mech. 
Eng.:— 

** In my railroad experience I find that a 
great deal of economy has also been realized 
in oTir locomotives by encouraging engineers 
to carry their steam np to the highest point 
allowed them, and cutting off their engines 
shorter instead of using the throttle." 
(»> 
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Q. What is the disadvantage of very earlj 
cnt-off on marine engines ? 

A. Where the cut-off is too early the en- 
gines are apt to race, and the wheel velocity 
to vary greatly. 

Q. How may this be remedied ? 

A. This may be remedied in part by mak- 
ing the outer rim of paddle wheels very 
heavy. Mr. H. S. Hayward says, speaking 
of the ferry boat Baltimore, where the cut- 
off is adjustable and at times very early : — 
**We turn a very even wheel. We have 
constructed the outer ring of our wheel 
very much thicker than heretofore, and the 
boat is more free from the vibrations which 
you find on ferry boats." 

Q. What is the disadvantage of too early 
cut-off on locomotives ? 

A. Wheel sHppage, in many oases. 

Q. On vertical engines should the out-off 
be later on theup«7ard or on the downward 
stroke? 

A. On the down stroke. 

Q. How is clearance volume often reck- 
oned? 

A. In parts of the stroke supposed to be 
multiplied by the piston area. Thus, if tbe 
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piston stroke is 20" and area 200 square 
inclies, and the clearance volume at one end 
is 200 cubio inches, then the clearance 
would be reckoned as equal to 200-s-200»l' 
of stroke. 

Q. Supposing expansion x>erfect, under 
proper conditions, how may the "absolute" 
steam pressure in the cylinder, after cut-off, 
be ascertained ? 

A. Supposing expansion x>erfect, under 
proper conditions, the "absolute" steam 
pressure in the cylinder, after cut-off, 
should be just proportionate to the cylin- 
drical volume bounded by the cylinder head 
at one end and the piston head at the other. 

Assuming for the present that there is 
absolutely no clearance space between the 
piston head and the cyHnder head when at^ 
either stroke end, and that cut-off takes 
place at one fourth stroke or 6^ in an engine 
having 24' stroke, the terminal pressure 
above vacuum will be one fourth that at the 
point of cut-off; the pressure (above vac- 
uum) when the piston has made half a 
stroke, or 12^ advemce, will be half that at 
the point of cut-off ; when it has made three 
fourths stroke, or 18^ advance, it will be one 
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third that at theout-off, and so on. In 
other words, ^Ae pressure above vacuum is 
inversely proportioned to the volume the 
steam occupies, 

Q. With cut-off at }, what initial pres- 
sure would be needed to get a mean effect- 
ive pressure of ten (10) lbs., in a nonoon- 
densing engine, supposing there to be no 
clearance, cushion, wire drawing, throt- 
tling, leak, cylinder condensation, etc. 

A. The average total pressure required 
would be 10-1-14.7=24.7 lbs.; the expansion 
rate 4, which has 1.3863 for its hyperbolic 
logarithm; then the total initial pre sure 
above vacuum would be 24.7-^(.25xl + 
1.3863)=24.7-T-(.25 x 2.3863)= 24. 7-*-. 59658 
=41.4 lbs.; and the initial pressure by the 
gauge would be 41.4 — 14.7=26.7 lbs. 

Q. Suppose the foregoing conditions 
to be changed by a back pressure of 2 lbs., 
what initial pressure would be required ? 

A. Then the average total pressure re- 
quired would be 10+2+14.7=26.7 lbs., and 
the initial total pressure 26. 7-t-. 59658=44. - 
7 lbs.; hence the initial pressure "by the 
gauge" would be 44.7—14.7=30 lbs. 

Q. At what point in the stroke would 
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the cnt-off have to take place, in the above 
mentioned case, to make the average efifeot- 
ive pressore 30 lbs., instead of 10? 

A. As the mean effective pressure can 
never be greater than the initial gauge 
pressure by the gauge in a non-condensing 
engine, and as the desired mean effective 
pressure is 30 and the initial gauge pressure 
only 26.7 lbs., the engine couldn't do the 
work. 

Q. How could the work be done, then? 

A. By adding a condenser. 

Q. At what point in the stroke would 
the engine have to cut off-to give 30 lbs. 
mean effective pressure, with 26.7 lbs. ini- 
tial pressure by the gauge, uising a conden- 
ser? 

A. Depends on the amount of vacuum. 
If the condenser gave a vacuum of only 5 
lbs., then the engine would have to give 25 
lbs. average pressure above atmosphere 
(39.7 lbs. av. total pressure) besides the 
work done by the condenser; and as the in- 
itial pressure is only 26.7 lbs., cut-off would 
have to be very late. In figures, — as the 
hyperbolic logarithm of the actual expan- 
sion rate is found only by dividiog the 
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average total by the initial total pressure, 
and the quotient by the period of full steam 
plus the clearance, and then taking one 
from the quotient, we have two unknown 
quantities to work with, and the calculation 
will have to be made by approximation, or 
on the "cut and try" principle. 

Assume cut-off at ^, (expansion rate 
1.111, the hyperbolic logarithm of which is 
0.1044) we find that to give us an average 
total pressure, (with 41.4 initial total), of 
41.4(0.9x1.1044) = 
41.4 X. 99396=41.14 lbs., 
which is too much. 

Trying cut-off at ^^^ (expansion rate 1.25, 
with hyperbolic logarithm .2231) we have 
that giving an average total pressure (with 
41.4 initial) of 

41.4(0.8x1.2231) = 

41.4 X. 97848=40.5 

Trying cut-off at ^ (actual expansion 

rate about 1.43, with hyperboUc logarithm 

0.3577); that would give, with initial total of 

41.4 lbs., 

4L4 (0.7x1,3577)= 
41.4 X .95039=39.35 lbs., 
which is less than tlie 39.7 which we want; 
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so we know that the cnt-off required for 5 
lbs. yacuTuu will be between 0.7 and 0.8 
stroke. 

For other amounts of yacnnm the princi- 
ple is the same. 

Q. How is the work of the steam during 
admission (including overcoming atmos- 
pheric and other counter pressure) reck- 
oned? 

A. By multiplying the total pressure on 
the piston by the period of admission. 

Q. How is the volume of steam admitted 
or used during the "full steam" period, 
measured ? 

A. It is equal to the product of the pistoii 
area by the period of admission plus th<» 
clearance. 

Thus, if there is 2^^ of clearance and out 
off takes place at 5^ of stroke, and the pis- 
ton area is 260 square inches, the volume oi 
steam is 260 X (2 +5) ==260X7 =1820 cubic 
inches. 

Q. How do you calculate the total work 
done during expansion to the end of the 
stroke? 

A. Multiply the total pressure above 
vacuum on the piston area by the period of 
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admission plus the deaxanoe, and by the 
hyperbolic logarithm of the actual expan- 
sion rate. (This includes the work done in 
overcoming aU counter pressure above 
vacuum.) 

Q. How do you find the initial pressnre 
required for a given net quantity of work 
in one stroke ? 

A. To the net work expressed in foot 
pounds, add the continuous product of the 
piston area in square inches^ the average 
back pressure in lbs. per square inch for the 
whole stroke, and the length of stroke 
in feet ; divide the sum of these quantities 
by the piston area in square inches, and by 
a number got thus : — Add one to the hyper- 
bolic logarithm of the actual expansion 
rate ; multiply the sum by the period of ad- 
mission plus the clearance (both in feet) ; 
and take the clearance in feet from the 
product. 

As a formula : — 

W + ajp'L 
P=, 

a[^'(lXhyp.logRO-c] 

Thus : — Suppose the given net work per 

single stroke to be 2,000 foot pounds ; the 
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piston area 260 square inches ; the average 
back pressure one pound per square inch by 
the gauge; the stroke 2' ; cut-off at ^ stroke, 
and clearance equal to 0.1 of stroke; then 
we have — 

2,000-K260xl5.7x2) « 10,164 ft. lbs ; 10,- 
164-^260 » 39.09 ; the actual expansion rate 
2.1—1. l=nearly 1.91, the hyperbolic loga- 
rithm of which is .6472; (1.1X1.6471)— 0.1- 
1.7118; 39.09-^-1.7118=23.83 lbs. absolute; 
23.83—14.7 = 9.13 lbs. by the gauge. 

(The engine would develop at 110 revolu- 
tions per minute 2,000X110X2 = 440,000 
ft. lbs., or 440,000-^33,000 -^ 13.3 H. P.) 

Q. How do you find the net work done 
by the steam for one stroke of the piston, 
with a given cut-off? 

A. Find the actual expansion rate. Get 
its hyperbolic log&rithm and add one thereto. 
Multiply the sum by the period of admis- 
sion plus the clearance (in feet). From the 
product take the clearance. Multiply the 
remainder by the total initial pressure in 
lbs. per square inch. This gives the total 
work done, in foot pounds per square inch, 
on the piston. To get the negative work 
per square inch of back pressure in foot 
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ponnds per square inch, mnltiplj the average 
back pressure in pounds per square inch by 
the length of stroke in feet. Take the pro- 
duct from the total work per square inch, 
and this will give the net work per square 
inch. Multiply the remainder by the piston- 
area; this gives the net foot pounds for one 
stroke. 

Q. How do you find the period of ad- 
mission required for a given actual expan- 
sion ratio? 

A. Multiply the clearance proportion by 
one less than the actual expansion ratio ; 
take this from one ; divide by the actual 
expansion ratio. 

Thus: — ^Suppose 2' stroke, actual expan- 
sion rate 3.5 ; clearance five per cent ; then 
the period of admission is 

l-_[(3.6— 1)X.05] 1— .125 

= =.25 stroke, 

3.5 3.5 

(or out off at six inches). 

Q. How do you find the pressure at 
stroke end, or at any other point in the 
stroke after expansion, of steam expanded 
in the cylinder? 

A. Divide the initial pressure above 
vacuum by the actual ratio of expansion 
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calcTilated to the given point of the 
stroke. 

Or, multiply the initial pressure by the 
period of admission plus the clearance, and 
divide the product by the length of the part 
of stroke described up to the given point, 
plus the clearance. 

Thus: — Suppose initial pressure sixty lbs. 
by the gauge, clearance five per cent, cut- 
off at one-fourth, required the pressure at 
{ stroke. The expansion rate up to three- 
fourths stroke is (.75+.05)-5-(.25+.05)= 
.80-^.30=2.667 and (6o4-14.7)-^2.667=74.- 
7^2.667=28 lbs. absolute, or 28—14.7= 
13.3 lbs. by the gauge. 

74.7X(.25+.05) 74.7 x. 30 

Or, = =28 lbs. 

.75-f-.05 .80 

above vacuum, or 13.3 lbs. by the gauge. 

Q. How do you find the net cylinder 
capacity for a given quantity of steam ad- 
mitted for one stroke and a given actual 
expansion rate? 

A. Multiply the volume of one lb. of 
steam at the given pressure (as found in a 
reliable table) by the given weight in pounds 
and by the actual expansion rate. Multiply 
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the result by 100 and divide by 100 plus the 
deorance percentage. 

Thus: — Suppose we want to expand five 
lbs. of steam at 100 lbs. per square inch 
above vacuum at an actual expansion rate 
of 3.5, in a cylinder where clearance is 5%. 

The volume of one lb. of steam at 100 
lbs. absolute, is 4.33 cubic feet. Thus the 
net capacity is 

5x4.33x3.5x100 

=72.167 

1.05 

ci^bic feet, or, say a cylinder of about 4 
stroke and eighteen square feet of piston 
area, or having a diameter of about 4.8' = 
57.6^ 

Q. How do you find the net cylinder ca- 
pacity required to do a certain amount of 
total actual work in one stroke, with a given 
initial pressure and actual expansion 
ratio? 

A. Divide the given work by the total ac- 
tual work done by one lb. of steam of the same 
pressure and with the same actual expansion 
rate; this gives the weight of steam re- 
quired, and from that can be found by ft 
preceding rule the net capacity. 



Digitized by VjOOQIC 



Stbam ENamx Catbohism. 21 

Q. How do yon find the weight of steam 
admitted per cubic foot of the net cjlmder 
capacity, for one stroke ? 

A. Divide 1 by the cylinder capacity per 
pound of steam. 

Q. How do yon determine the total actual 
work done per cubic foot of net capacity, 
for one stroke ? 

A. Divide 1 by the cylinder capacity per 
foot pound of work done. 

Q. How do you find the total actual work 
done per square inch of piston ? 

A. The total amount of actual work done 
per square inch of piston is y^ part of 
the work done per square foot. (See above.) 

Q. What are the causes of differences be- 
tween boiler and initial cylinder pressure ? 

A. The causes, commencing at the boiler, 
are friction in the steam pipe, resistance of 
the regulating throttle valve, resistance in 
the ports and passages^ and disappearance 
of actual energy when the steam passing 
from the small area of the ports into the 
larger area of the cylinder, has its speed 
reduced. 

Q. How does back pressure by the gauge 
vary? 
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^ Hov do 7011 find the weight of steam 
^tted per cubic foot of the net cylinder 
^P^tj, for one stroke ? 
i Divide 1 by the cylinder capacity per 



% low do you determine the total actual 
^oik dose per cubic foot of net capacity, 
loionestidke? 

k Divide 1 by the cylinder capacity per 
ioolpoTmd ol vork dcoie. 

% low do you find the total actual work 
done per sqaaie inch of piston ? 

i 1!\ie total amoxmt of actual work done 
gei flquaro inch of piston is yf^ part of 
tiie woik done per square foot. (See above. ) 

& Whi are the cooses of differences be- 
keea boiler and initial cylinder pressure ? 

i. Thecanaea, conunencing at the boiler, 
are friction in the steam pipe, resistance of 
tlieregQlating throitle valve, resistance in 
ll^ie ports and passages, and disappearance 
of actual energy when the steam passing 
toilihe small area oi the ports into the 
larger azea of the cylinder, has its speed 
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A. Back pressure by the gange varies in 
non-condensing stationary engines and in 
locomotives nearly 

As the square of the speed. 

As the pressure of the steam at the instant 
of release (commencement of exhaust). 

Inversely as the square of the area of the 
orifice of tiie exhaust nozzle. 

It is less with high expansion rates than 
with low ; and less with slow exhaust than 
rapid ; less with dry than with wet steam, 
hence greater in unprotected than in well- 
covered oyUnders (the proportion being 1,72 
to 1 in observed cases). 

It may be said for all engines, condensing 
or non-condensing, that "in the same en- 
gine, going at the same speed, the excess of 
the mean back pressure above the pressure 
of condensation, varies nearly as the density 
of the steam at the end of the expansion ; 
and that in the same engine, with the same 
density of steam at the end of the forward 
stroke, that excess of back pressure varies 
nearly as the square of the speed." 

Q. '*Why does not the exhaust steam 
show a difference of temperature corres- 
ponding to the difference of power to be 
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obtained from steam at boiler pressiire and 
ezhanst steam ?" 

[The foregoing question was asked us in 
Power, and was answered as follows : — ] 

A. The relation between the pressure on 
steam and its temperature is in a yarying 
ratio, and the variation of this ratio is of a 
complicated character. The pressure of 
steam increases with the temperature, but 
the rate of increase of temperature in- 
creases as the pressure rises. Thus at 212° 
F. the pressure above vacuum is 14.7 lbs. 
per square inch, and at 213^^ the pressure 
rises 0.29 lbs. ; at 247^ the pressure above 
vacuum is 28.34 lbs. per square inch ; and 
at 248^ it has risen about \ lb. At 432^ 
the pressure is 350.73 and the rise in pres- 
sure per degree of temperature is 3.64 lbs., 
or about fourteen times as much rise of 
pressure per degree, as at atmospheric 
pressure. This relation between tempera- 
ture and pressure is the same so long as the 
steam is in communication with unevapor- 
ated water. 

THE BIjIDE VAIiVE. 

Q. What is a rule of thumb for lap of 
slide valve to cut off at two-thirds ? 
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A. To cnt off at two-thirds a well pro* 
portioned valve may have lap equal to one- 
fourth the stroke. (Chas. E. Em«ry.) 

Q. What is the rule of thumb for inside 
lap of condensing engines? 

A. One-half the outside lap. 

Q. Which will stand the most inside lap, 
a condensing or a non-condensing engine? 

A. The condensing engine. 

Q. How may the evils of over cushion 
from excessive inside lap, generally be 
remedied in part? 

A. By giving the valve more lead, so 
that the final compression is against the 
steam in the chest and not against the valve 
face. 

Q. How should a slide valve be set so as 
to equalize the exhaust? 

A. Put the crank on the front centre 
and mark coinciding centre-punch marks 
on cross-head and guide. Put the crank 
on the back centre, and centre-punch the 
guide again, to correspond with the cross- 
head mark. Move the eccentric until the 
valve has the lead for the forward stroke. 
Move the crank, in the direction the engine 
is to run, until the exhaust of the opposite 
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stroke closes; scribe a line on the gnide to 
correspond -with the cross-head mark; move 
the crank on until the other exhaust closes; 
scribe on the gnide to correspond with the 
cross-head mark. If then the exhanst does 
not close at eqnal distances from the stroke 
ends, alter the length of the eccentric rod 
until it does; then bring the crank back to 
the dead centre, and shift the eccentric 
until the forward stroke has the required 
lead. 

Q. How may you tell where the valve is 
at the time of closure, without opening the 
chest? 

A. By a valve gauge of stout wire rod of 
this shape, 

( 1 

fitting centre punch-marks on the valve stem 
and on the stufiObig-box {not on the gland). 

Q. How can you tell when the valve 
has got lead, without opening the chast, if 
there are no punch marks to go by? 

A. Put the crank on the centre, open 
the drip cock at that end, and then turn the 
eccentric ahead until steam shows at the 
drip cock. 
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Q. How do yon find the correct length 
of the eccentric rod? 

A. Maxk the centre lines of cylinder, 
Talve, rocker and mam shaft. Put the 
crank on the back centre, and the valve so 
that the required lead is given for the for- 
ward stroke. Find the position of the 
eccentric centre by laying off the angular 
advance from the 90^ line. Measure from 
this centre to the rocker pin (or to the valve 
stem pin if there is no rocker) for correct 
length of eccentric rod. 

Q. If the lead opening is measured cor- 
rectly for the forward stroke, will it be cor- 
rect for the return stroke, if the eccentrio rod 
length is measured as above directed? 

A. Yes; because the opening is measured 
while the crank is on the central line — hence 
there is no irregularity of piston position ow- 
ing to the angularity of the connecting rod. 

Q. Is equalization of exhaust closure 
always possible? 

A. Yes; because there may be added a 
slight amount of inside lap to whichever 
end of the valve needs it, so as to hasten ex- 
haust closure on one stroke and delay it on 
the other. 
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Q. In eqnaliziBg cut-off BhotQd equaliza- 
tion of exhaust closure be considered, also? 

A. No; because the only practical 
method for equalizing cut-off also equalizes 
the exhaust well enough. 

Q. On what does the expediency of 
equaliziQg cut-off depend ? 

A. Upon that of giving unequal lead. 

Q. Where is unequal lead disadvanta- 
geous? 

A. For high speed engines. 

Q. What alterations in the valve motion 
are requisite, in order to equalize cut-off? 

A. Increase in angular advance, and 
lengthening the eccentric rod. 

Q. In what class of engines is the steam 
pressure in the two ends more apt to differ; 
in vertical or in horizontfJ? 

A. In vertical engines. 

Q. Which end of a vertical engine 
generally gets the highest average pressure? 

A. The lower. 

Q. To reverse an engine having a single 
eccentric, what is necessary? 

A. To turn the eccentric so that its cen- 
tre line shall come on the other side of the 
centre line of the engine. 
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Q. In order to keep the lead opening and 
the lap the same for different positions of 
the eccentrio for a reversing engine, what is 
necessary? 

A. That the eccentric be slotted so that 
its centre can pass across the centre line of 
the engine in a direct straight line, instead of 
in an arc, as where the eccentric is simply 
turned on the shaft. 

Q. How does the position of an adjusta- 
ble eccentrio for a reversing engine affect 
the cut-off? 

A. The nearer mid-gear the earlier the 
cut-off, whether the eccentric centre be 
moved along a straight line (as where the 
eccentric is slotted) or in an arc, (as where 
it is simply turned on the shaft.) 

Q. How does the position of the eccen- 
tric of a reversing engine affect the exhaust? 

A. The nearer mid-gear the earlier the 
exhaust, whether the eccentric centre move 
in a straight line or in an arc. 

Q. How does the position of the eccen- 
tric centre in a reversing engine affect the 
lead angle and the angular advance? 

A. The nearer mid-gear, the greater the 
l^ad angle and angular advance, whether 
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the eocentrio centre be moyed in a straight 
line or in an axe. 
Q. What is the lead opening at mid- 



A. At mid-gear the lead opening of the 
valve eqnalB the port opening. 

Q. What is thie out-ofT angle at mid- 
gear? 

A. At mid-gear the cut-off angle eqnals 
tho lead angle of the valve. 

Q. ILow should valve lead be stated or 
reckoned? 

A. Lead shonld be stated in degrees 
rather than in inches of either valve travel 
or piston motion. 

Q. How shonld steam ports be propor- 
tioned? 

A. After yon have settled the throw of 
the eccentric, the angle of advance or angu- 
lar lead, and the steam port width UF=K 
Z, we might say as a general rule that the 
bridges JFO, HIT, should be wider than the 
distance at which the outer edge A of the 
valve, at its greatest distance from the cen- 
tral position, stands beyond the inner edge 
^of the admission port; otherwise the valve 
would blow through. The sum of the two 
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laps AE and BF^ plus the i)ort width ES, 
must be greater than half the valve travel; 
hence the bridge-width EFmxM^ be greater 
than half the valve travel, less the sum of 
AE and BF, You might say that the bridge- 
width FO should be equal to half the steam 
port width EF plus ^/ to -jVj ^^^ *^® 
exhaust port OH, equal to half the valve 
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travel plus the steam port width EF, plus 
the inside lap BF, less the bridge-width 
FO, 

Q. In designing an Allen valve for an 
old seat, what is generally a good thing to do? 

A. To widen the end ports in the seat by 
chamfering off the outside edges. 

Q. What precaution must be taken in 
designing an Allen valve for an old seat? 
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A. Not to let the stLpplementaxy passage 
in the valve get over the end port in the seat. 

Q. Will the Allen valve save fuel? 

A. Smclair says, "In very carefully 
conducted experiments made on the Bos- 
ton and Albany R B., to compare the per- 
formance of the Allen valve ^th an engine 
equipped mth a common valve, it vraa 
found that the Allen valve effected a fuel 
saving of seven per cent." 

Q. What difference should there be 
made in the seats in designing an Allen 
valve and an ordinary slide? 

A. For the Allen, the steam ports and 
bridges should be a trifle mder than for the 
ordinary slide. 

Q. What special care should be taken in 
casting an All.n valve? 

A To get the supplementary passage 
smooth inside, and the thin shell strong 
enough to stand the pressure. 

Q. When is the speed of a slide valve 
highest? 

A. The speed of a slide valve is greatest 
at mid-throw. 

Q. How is the D valve kept to its seat? 

A. The D valve is kept to its seat by the 
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excess of the boiler pressnre over that below 
the valve. The trouble is that it is too 
strongly held to its seat, causing undue 
friction, with its accompanying abraaion, 
and loss of power. 

Q. What is one disadvantage of most 
balanced slide valves? 

A. They do net lift if there is water in 
the cylinder. 

Q. What is TIppIng's balanced slide 
valve? 




A. In this valve the steam is admitted at 
A inside the slide ^alve S^ and is exhausted 
through the steam chest C; the valve S is 
open through, jS is a back plate resting 
thereon nearly in equilibrium, ^ is a dia- 
phragm plate, -Fare nuts, tightening which 
will relieve the pressure en the valve, (7 is a 

Digitized by VjOOQIC 



Stbam EN(HNa Catechism. 33 

spiral spring, the compression of whioh will 
add pressure in adjusting the valve. This 
arrangement affords a light, handy, and 
simple device, which we understand works 
very well, and may be constructed either 
rectangular or circular in shape and ta any 
size, and for either single or double ports. 
In the cut the valve stem is not carried 
through the cover. 

VAIiVB MOTIONS. 

Q. How may valve motions be olassi. 
fied? 

A. Valve motions may best be divided 
into those with fixed, and those with variable 
cut-offs; and the latter may have the cut- 
off variable either only while the engine is 
stationary, or while it is running. The 
latter, again, may be affected either **by 
hand" Only, or "automatically." (This 
last is a point neglected by Zeuner in his 
celebrated standard treatise on valve- 
gears.) 

Q. What is the Dodd motion? 

A. The Dodd motion (1839) moves the 
eccentric centre directly ascross its shaft 
by two wedges with reversed points. It 
was improved by Dubs of Glasgow. 
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Q. "What are the oljjectioiis to the Dodd 
wedge motion? 

A. It cannot be corrected for inequali- 
ties of cut-off and exhanst closnre without 
introducing pernicious inequaHty of x>ort 
opening at mid-gear. 

Q. What is the link operated by two 
fixed eccentrics intended to imitate, in its 
effects? 

A. A single movable eccentric. 

Q. "When and by whom were two 
fixed eccentrics first used for reversible 
gear? 

A. In 1829, by Wm. T. James of New 
York, on a steam carriage. 

Q. How many classes of link motions are 
there? 

A. Four— 

1. Shifting link. 

2. Stationary link. 

3. Allan. 

4. Walschaert. 

Q. Who invented the so called Stephen- 
son shifting link, and when? 

A. Howe, in 1843. 

Q. Who invented the stationary link, and 
when? 
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A. Daniel Gk>ocli, about 1845. 

Q. Who invented the so-called Walschaert 
XDotion? 

A. Heusinger von Waldegg. 

Q, What are the advantages of the link 
and two fixed eccentrics over a single shift* 
able eccentric? 

A. It can be adjusted for irregularities 
in cutoff and exhaust dosnre due to the 
angularity of the connecting rod. 

Q. How can the link be susx)ended so as 
to equalize the cut-off? 

A. So as to give it, on the forward 
stroke of a direct acting engine, moreeleva* 
tion, so as to neutralize the tendency of the 
connecting rod and to cause later cut-off on 
the forward stroke. 

Q. What is the disadvantage of suspen* 
sion so as to equalize the cut-off? 

A. There is caused a certain amount of 
recipr<)cating slip of the link on the block 
at each revolution, causing lost motion and 
wear. 

Q. In marine engines which is the more 
important — equalization of the cut-off or re« 
duction of slip? 

A. Beduction of slip. 
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Q. "Where is slip least? 

A. Slip is the least when the link block 
is nearest the point of suspension. 

Q. What does this indicate? 

A. That where you need a naJTiiTnTim slip 
at a certain point cf suspension, the saddle 
stud should be placed as nearly as possible 
over such point. 

Q. With a stationary link, does the lead 
chuige with changes in gear position? 

A. Na 

Q. Are there any shifting link motions 
in which the lead remains the same at aU 
gears in both directions? 

A. No, but many shifting link motions 
can be arranged so as to give constant lead 
for all gears in one direction. 

Q. Where must the tumbling shaft be 
placed? 

A. Either above or below the central 
line of motion, so that either eccentric rod 
shall strike it when the gear is shifted from 
full forward to full backward gear. 

Q. Should the eccentric rod be curved? 

A. No. 

Q. What should be the hanger length? 

A. The hanger should be long enough 
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not to conflict "with the tambling shaft arm 
in any gear. The latter should be as long 
as, or longer than the hanger. 

Q. Suppose the boiler or other obstacle 
preyentsthe link being put in fall gear 
back, what must be done? 

A, Either the tumbling shaft must be 
put below the link motion or the rocker arm 
lengthened so as to depress the central line 
of the motion and the whole motion. In 
this case the rocker arm centre should be at 
an inclination so that the one driving the 
yalye stem should be at right angles thereto, 
and the other one at right angles to the cen- 
tral line of motion. 

Q. What is the influence of rocker arm 
length on the valve stem? 

A. The longer the rocker arm, the less 
the vibration of the valve stem. 

Q. How is the slip of the link-block af- 
fected by the rocker-arm length? 

A. Hie longer the rocker-arm the less 
the slip of the link-block. 

Q. Can the link motion be laid out at an 
inclination to the piston motion without 
affecting the link action? 

A, Yes; so that the angular advance of 
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the eccentric is laid off from a line at right 
angles to the central line of the link motion. 

Q. With "open" or **uncrofl8ed" looo- 
motive eccentric rods, how are the rods to 
be attached? 

A. The "forward" rod with the top and 
the "backward" rod with the bottom of the 
link. 

Q. With "crossed" eccentric rod on a 
locomotive, how shonld the eccentric rods 
be attached? 

A. The "forward" rod to the bottom 
and the "backward" rod to the top of the 
link. 

Q. How might the inequality of com- 
pression due to the eccentric rod obliquity 
be overcome? 

A. The compression might be equalized 
by varying the inside lap of one end. 

Q. When the valve has equal lap on both 
sides how may the cut-off be equalized? 

A. Where the lap is equal on both sides 
the cut-off may be equalized by lengthening 
the valve stem, which has the same effect as 
lengthening the laps for the forward valve- 
stroke, and vice versd. 

Q. How can the inequality of the cat* 
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off which would be oaoBed by eooentrio tod 
obliquity, be neutralized? 

A. Unequal cut-off by reason of eoceu" 
trie rod obliquity may be neutralized by 
giving the yalye different steam lap on the 
two ends; but this would give unequal steam 
lead. 

Q. How can the effect of the obliquity 
of the eccentric rod be neutralized? 

A. The effect of the obliquity of the ec- 
centric rod can be neutralized by lengthen- 
ing the yalve stem, so as to cause the great- 
est port opening at fore-stroke to be rather 
less than on the return; setting the yalve 
^*by the lead," that is, with the eccentric 
rod in its inclined position. 

Q. When does the obliquity of the con- 
necting rod most affect the position of the 
piston? * 

A, The obliquity of the connecting rod 
affects the position of the piston most when 
the crank is at right angles. 

Q. At mid-gear what is the angular ad- 
vance of the valve? 

A. Ninety degrees (90°) of arc. 

Q. At mid-gear where does the exhaust 
close? 
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A« At mid-gear it closes at half stroke. 

Q. Under what circamstances is steam 
not admitted to the cylinder for either 
stroke, at mid-gear? 

A. "When the port opening is at mid 
gear. (Then the lead opening is and the 
lead angle 90°.) 

Q. Is port opening reduced or increased 
towards mid-gear? 

A. Decreased. 

Q. Does the lead angle increase or de- 
crease from full gear to mid-gear? 

A. It increases, whether the leodopeninff 
remains constant or varies. 

Q. With the Stephenson link motion 
and uncrossed eccentric rods, where is the 
lead least? 

A. With the Stephenson link motion and 
uncrossed eccentric rods, the lead is least 
at full stroke. 

Q. With the Stephenson link motion 
and uncrossed eccentric rods, where is the 
port opening least? 

A. At mid-gear. 

Q. With a ** crossed rod "link motion, 
where is the lead least? 

A. At mid-gear. 
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Q. With a '* crossed rod " link motion, 
is the port opening less or greater at inter- 
mediate gear, than with the nnorossed rods? 

A. Less than with the uncrossed rods. 

Q. What should be the length of the 
link? 

A. The link slot may have an available 
length of six times the throw of the eccen- 
trics. 

Q. What canses affect the variation of 
the lead at different grades with Stephenson 
link motion? 

A. The variation of the lead at different 
grades, with the Stephenson link motion, 
is greatest with short eccentric rods and 
with long links. 

Q. When a loose eccentric has lead, how 
far apart are its positions of forward and 
backward gear? 

A. When a loose eccentric has lead, its 
positions of forward and backward gear 
have an angalar distance equal to 180^ less 
twice the angle of lead. 

Q. When a loose eccentric has no lead, 
how far apart are its positions of forward 
and backward gear? 

A. When a loose eccentric has no lead. 
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its forward and backward gear positioiis are 
180^ apart. 

Q. What is the Marshall gear? 

A. In the Marshall gear, the eccentric 
rod bears or constitutes a link, its free end 
trayeling in a slot in a disc which may be 
changed in its position. The valve stem is 
drawn at right angles to the centre line of 
the eccentric rod or link. 

Q. What is the Joy gear? 

A. The Joy gear drives from the con- 
necting rod, using no eccentric. We give 
illustrations of three different designs of 
this gear. 

Q. What is the Brown gear? 

A. The gear of Chas. Brown of Winter- 
thur, dispenses with the eccentric, and the 
link is attached to the connecting rod. 

THE COSCFOUKD ENGINE. 

Q. What is a compound engine? 

A. A compound engine is one in which, 
instead of the steam completing its expan- 
sion in the same cylinder in which it receives 
it from the boiler, it is only partly expanded 
in that cylinder, and the expansionis con- 
tinued or completed in one or more cylin- 
ders (called low pressure cylinders) which 
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reoeive the exhaust of the first (or high 
pressure) cylinder. Sometimes one high 
pressure serves equally two low pressure 
cylinders in which the expansion com- 
menced in the first is continued to an equal 
degree one with the other. Sometimes the 
expansion beg^un in one cylinder is contin- 
ued ia the second and completed in a third. 

Q. For a compound condensing engine 
to exert the same power as a single cyl- 
inder condensing engine with the same 
number of expansions in each case, what 
would have to be the diameter of the con- 
densing or low pressure cylinder of the 
compound engine? 

A. Equal to that of the single condens- 
ing cylinder. 

Q. Then, if the power could be got from 
one cylinder with the steam expanded a 
certain nilmber of times, would it pay to 
make the more expensive compound eng^e 
with two cylinders to expand the same 
number of times? 

A. No. 

Q. Where then has the compound con- 
densing engine any advantage over the 
single cylinder condensing engine? 
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A« Th:e steam at high temperature 
and pressnre entering the high pressure 
cylinder of a compound engine is not 
chilled by the low temperature of the cyl- 
inder due to the low terminal pressure; also 
the thrusts of the compound cylinders on 
the crank pins and crank shaft are more uni- 
formly distributed around the axis than 
where there is but one cylinder. 

Q. Who invented the principle of the 
compound engine, and when? 

A. Jonathan Homblower patented it in 
1781, but could not apply it because Watt's 
patents were in existence. 

Q. Who first applied the principle of the 
compound engine, and when? 

A. Arthur Woolf patented in 1804 the 
earliest compound engine in which the 
principle was practically carried out. 

Q. In Woolf s early engines, how were 
the cylinders placed? 

A. Both cylinders were at one end of a 
■working beam; the condensing cylinder at 
the outer end, and the high pressure cyl- 
inder closer up, with less stroke. 

Q. What was the principal objection to 
this Woolf engine? 
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A. All the power was applied on one 
Bide of the centre of the beam. 

Q. How and when was this fault first 
remedied, and by whom? 

A. By Wm. McNanght, in 1845, putting 
the condensing cylinder at one end of the 
beam and the high pressure cylinder be- 
tween the main centre and the crank. 

Q. What is another good arrangement 
of a Woolf engine? 

A. By making the cylinders horizontal 
and side by side, secured to a single bed 
plate; both piston rods having one cross- 
head in common, one connecting rod tak- 
ing the whole power to the crank. 

Q. What is the best proportion between 
the high and low-pressure cylinders ? 

A. Tumbull says : It has been found 
from modem practice that when the length 
of stroke of both cylinders is the same, it is 
necessary that the condensing cylinder be 
about three times greater in area than the 
high-pressure one, and this proportion is 
best suited when the steam employed is 
from 45 to 50 lbs. pressure above the atmos- 
phere, and cutting off the steam after being 
admitted during one-third of the stroke in 



Digitized by VjOOQIC 



Steam Enqikb Catbohisic 



49 



A TABUS 8H0WIN0 THB RSLATTTB AREAS OV THS TWO 
CTUNDEKS OF A COMPOUND ENGINE, WITH THE AYKS- 
▲GS PJUSSBUBB IS EACH CTLIKDEB, ETC. 
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the high-pressure cylinder. "When the steam 
to be employed is of a less pressure, but the 
point of cut-off the same, then the relative 
proportions of the cylinders must be nearer 
to each other, and the reverse when steam 
of a greater pressure is to be used. The 
table on page 49 is prepared on a basis which 
accords with correct theory and good prac- 
tice : — 

Thefirstcolumn=P=initialpressureof the 
steam above a perfect vacuum on entering 



small cylinder ; the second 



=»=/^ 



shows the relative areas of the two cylin- 
ders, and also the number of expansions in 
high-pressure cylinder ; the third column, 
=P'=the terminal pressure in high-pressure 
cylinder, gives the pressure at beginning of 
stroke in condensing cylinder ; the fourth 
column, = H, contains the hyperbolic log- 
arithms of R ; the fifth, = 8, gives the 
average pressure during a stroke in a single 
cylinder, for the different values of R and 

■I , TI 

= P — = — ; the sixth column, =p', gives the 
R 

average pressure during a stroke in the con* 

Digitized by VjOOQIC 



Steam Engine Catechism. 51 

densing cylinder of a compound engine, 

and=P'.5 — ;; and the last column, p, gives 
K — 1 

the average pressure during a stroke io the 

1 -i-II H 

high-pressure cylinder P=-^5 P's — ;• 

K K — 1 

Q. How many principal forms of com- 
pound engine are there? 

A. Two; one where the exhaust from 
the first cylinder goes direct into the 
second (Woolf type), and one where there 
is an intermediate receiver. 

Q. How many kinds of piston move- 
ments are possible in receiver compound 



A. Three— 

1. Entire independence. 

2. Equal number of strokes per minnte, 
with initial points in certain relation, and 

3. Further limited by periods of tarrying 
(as in the Worthington pump). 

Q. How do the pistons move in the 
Woolf type? 

A. Together. The steam from the top 
of the first cylinder exhausts into the 
bottom of the second, and vice verad. 
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Q. How do the pistons of a receiyer 
engine move? 

A. In a receiver engine, the pistons are 
connected to cranks on one shaft, at right 
angles to each other. 

Q. Comparing the Woolf and the re- 
ceiver t jx>es of compound engine, which is 
the more economical of steam? 

A. When there is no clearance and no 
intermediate fall of pressure, there is no 
difference in the steam economy of the 
Woolf and the receiver tyx>os, but when 
there is an intermediate fall of pressure, 
the work done on the receiver system is 
greater than by the Woolf type. 

Q. In a compound enginp, how is the 
actual rate of expansion in the first cyl- 
ii)der, found? 

A. To find the actual rate of expansion 
ip the first cylinder, divide the period of 
admission plus the clearance, into the 
length of stroke plus the clearance. Thus, 
suppose cut-off at ^ and clearances at one 
end equal to ^H^ t]ie piston displacement, 
then the actual expansion rate would be, 
(just as in an or4inary nourcpinpound 
engine,) 
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1.05-«-0.25=4.2. 

As a formula, £'= — 
V 
Q. How do yon find the ratio of inter* 
mediate expansion in a comi>omid engine 
(receiver type)? 

A. The ratio of intermediate expansion 
may be got from the pressnre before and 
after expansion. Thns, if the fall of pres- 
sure was from 20 lbs. (abaolute) in the first 
cylinder, to 15 lbs. in the second, the ratio 
wonld be 20-5-15=1.833. 

Q. Does the volnme of the receiyer give 
any evidence as to the expansion between 
the first and the second cylinders? 

A. No. 

Q. How may we determine the rate of 
ntermediate expansion between first and 
second cylinders, in a Woolf engine? 

A. Either by the method necessary in 
the case of a receiver engine, or from Jbhe 
volnme of the intermediate space. 

Q. How do yon find the ratio of expan- 
sion in the second cylinder in a Woolf 
engine? 

A. Find the ratio of the capacity of the 
first cylinder, plus its clearance, plus the 
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intermediate space, to the capacity of the 
seoond cylinder plus the intermediate space, 
(taking this last to indude the clearance of 
the seoond oyhnder). 

Q. Is the ratio of expansion in the 
second cylinder of a receiver engine af- 
fected by clearance ? 

A. No. 

Q. How do yon find the actoal expan- 
sion rate in the second cylinder of a receiver 
engine? 

A. Where there is no intermediate fall 
of pressure, the actual expansion rate in the 
second cylinder is the ratio of the cylinder 
volumes. Where there is an intermediate 
fall of pressure, the ratio of actual expan- 
sion in the second cylinder is reduced. 
Thus, if the cylinder ratio is 3, and the 
ratio of the intermediate fall to the final 
pressure in the first cylinder is 4, then 
the actual expansion rate in the second cyl- 
inder will be (4—1) X 3-^4=2.25. 

Q. How do you find the total actual ex- 
pansion rate for a Woolf engine? 

A. Multiply the ratio of the first to the 
second cylinder by the length of stroke, 
and divide by this length plus the clear* 



Digitized by VjOOQIC 



Stbax Bsoma Gaxbghisic. 66 

ance^ add to the qaotienithe ratio-valae of 
the intennediate space; multiply this sum 
by the actual ratio of expaiision in the fint 
cylinder. ThnB, bnppoee oat-off in the fint 
cylinder at \; clearance ^ ; cylinder ratio 4; 
ratio value of the intermediate space (. 
Then the actual expansion rate in the first 
cylinder inll be 1.05-^0.25=4.2. The modi- 
fied rate of the cylinders is 4 x ^}^==S.S09 ; 
aQd3.809+.333=4.142. FinaUy, 4.2 x4.142 
=17.396=total actual ratio of expansion. 

Q. How do you find the combined ac- 
tual ratio of expansion behind the pistons, 
in the Woolf engine? 

A. Multiply tiie actual ratio of expan- 
sion in the first cylinder by the ratio of ex- 
pansion in the second cylinder. Or divide 
the product representing the total actual 
ratio of expansion by the ratio-value of the 
intermediate space, plus one. Thus, if the 
total actual ratio of expansion is 17.896, and 
the ratio-value of the intermediate sptice is 
J, then 17.396-5-1.333=13.05, the combined 
actual ratio of expansion behind the pistons 
(in a Woolf engine.) 

Q. How do you find the total actual ex- 
pansion-ratio in a receiver engine ? 
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A. Multiply the ratio of the first and 
Beoond cylinder volumes by the actual ex- 
pansion rate in the first cylinder. This 
gives the total aotnal expansion rate in a 
receiver engine. 

Q. How do yon find the combined actual 
ratios of expansion behind the pistons of a 
receiver engine? 

Au Multiply the actual expansion rate in 
the first cylinder by the expansion rate in 
second cylinder. That is, multiply the 
ratio of the first and second cylinder vol- 
umes by the actual ratio of expansion in the 
first cylinder and by one less than the ratio 
of the intermediate fall of pressure to the 
final pressure in the first cylinder. 

Q. How do you fiind the net work done 
in the two cylinders of Woolf engines, for 
one stroke, with a given combined actual 
ratio of expansion? 

A. Add one to the hyperboHc logarithm* 
of the given combined actual ratio of expan- 
sion ; multiply the sum by the period of 
admission to the first cylinder, in feet, plus 
the clearance, expressed in feet, of stroke; 
from the product subtract the clearance; 

" See, taWe of hyperbolic logarithms, p. 141 of Part t 
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multiply the remamder by the net piston 
area of the first piston in square inches, and 
by the initial cylinder pressure in lbs. per 
square inch. This gives the net work in 
foot lbs. per stroke. 

Thus : — suppose the net area of the first 
piston, 500 square inches ; of the second, 
1,500; initial pressure, 63 lbs. (absolute); 
out off at 2' of the stroke, of 6' olearanoe 
Tolume at one end, equal to 7%. 

The actual ratio of expansion in the first 
cylinder is 6.42-^2.42=2.653. The ratio of 
intermediate expansion we assume as 1.333. 
The actual expansion rate in the second cyl- 
inder is equal to Ihe ratio of the capacity of 
the first cylinder plus its clearance plus the 
intermediate space, to the capacity of the 
second cylinder plus the intermediate space; 
this last including the clearance of the 
second cylinder ; or 

6 , 

( 3 X ) +.333-7- 1.333=2.353. 

^ 6.42^ 

The modified ratio of the cylinders is 
X 5-^ 6. 42=2.804; and 2.804 +.333=3. 137, 
which multipUed by 2.663=8.322, the total 
actual ratio of expansion. The combined 
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ratio of expansion behind the pistons Is 
8.322-^1.333=6.242, the hyperbolio logsm 
rithm of which, as f otmd in the proper table, 
is 1.8810. 

Then the net work in foot lbs., dnring 
one single stroke, is (1+1. 8310) =2. 8310; 
2.8310X2.42=6.851 ; 6.851—0.42=6.431 ; 
6.431X63X500=202,576.5 foot lbs. 

As a formula: — 

w=aP[l\l-{'hjp, log. R^—o] 

Q. How do yon calculate the net work 
done in the two cylinders of a receiver en- 
gine for one stroke, with a given actual 
ratio of expansion in the first cylinder? 

A. Multiply the first cylinder's actual 
expansion rate by the cylinder ratio ; and 
to the compound ratio of the two cylinders 
add one ; multiply the siun by the initial 
period of admission into the first cylinder, 
plus the clearance in feet. Call this pro- 
duct {A), Divide one less than the ratio of 
the two cylinders by the actual expansion 
rate in the first cylinder. Add one to 
the quotient, and multiply the sum by the 
initial clearance in feet. Call this product 
(B), Subtract product J? from product -4. 
Call the remainder (O). Multiply the net 
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piston area of first oylinder in square incbea 
by the total initial pressure in lbs. per 
square inch, above vacuum, and by the 
remainder (7. The product is the net work 
in foot lbs. for one single stroke. 

Thus : — Supi>ose net area of first piston 
500 square inches ; of second, 1,500 ; total 
initial pressure above yacuum, 63 lbs. per 
square iach; clearance =0.42'; cut-off at 2'; 
stroke 6'; then actual ex[)ansion rate in 
first oylmder=6.42-r-2. 42=2.653; second 
expansion ratio 3 ; compound ratio 
2.653X3=7.959, the hyperbolic logarithm 
of which is 2.0743 (aa found in table;) 
3.0743X2.42=7.44=^/ (3--l)-5-2.653= 
.7162; 1.7162X.42=.737=^/ 7.44r-.737= 
6.703-«C7; 63X500X6.703*211,145 foot 
lbs., the net work during one single 
stroke. 

Q. What ifi the difference between a 
Woolf and a Wolff compound engine? 

A. The Woolf compound engine has no 
receiver; the Wolff has a receiver. 

DBYNESS OF STEAM. 

Q. Is saturated steam at the condensing 
point or at the generating point ? 
A. Saturated steam standing over water, 
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8 at both the condensing point and the 
generating point. 

Q. When does steam approach to the 
condition of a perfect gas ? 

A- When superheated.* 

Q. What are the advantages of super- 
heating steam ? 

A. The advantages of superheating are 

(1) To increase the efficiency of the steam 
without producing a dangerous pressure; 

(2) To "improve the vacuum," that is, to 
lessen the density required to overcome 
a given resistance, and lower the back pres- 
sure; (3) To prevent condensation during 
expansion. 

Q. How far is superheating carried with 



A. To 100° above the normal steam tem- 
perature due to the pressure. 

Q. What can be said about the money 
loss by radiation from cylinders? 

A. Badiation of heat from uncovered or 
UD jacketed cylinders walks off with profits, 
and most inexcusably; for there are 
few makes of engines which cannot be 
cheaply covered with a non-conducting lag- 
• See pages 87 to 90 of Part L 
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ging, in saoh a my as that all parta oan be 
readily disoozmected and got at. Felt and 
other lagging materiaJa are plenty in the 
market ; and air-spaoe, which is very desir- 
able between even the beat lagging and the 
cylinders, costs nothing. 

Q. Are steam traps any nse in giving 
drier steam in the cylinder ? 

A. Steam traps appear to some to be a 
needless expenditure. But we notice that 
any one who has had a cylinder head 
knocked out by reason of water in the cyl- 
inder generally believes in dry steam, and 
in steam traps, ever thereafter. 

Q. What advantage has dry steam over 
wet, as regards friction? 

A. Dry steam gives less friction in steam 
and exhaust pipes asd passages, than wet ; 
hence gives higher initial pressure and less 
back pressure. 

Q. How much * * primage " may there be 
in steam? 

A. Him's experiments show an average 
of five per cent ; Zeuner states it as seven 
and a half to fifteen per cent. 

Q. What is "oommeroiaUy dry'* steam?' 

A. Steam containing only three to f on 
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per cent of water cannot be dlstingmslied, 
by observation, from that which is perfectly 
dry, and may therefore be said to be " com- 
mercially drjr." 

THE OOVBRNOB. 

Q. "Which requires the more sensitive 
governor, a throttling engine, or an auto- 
matic; and why? 

A. The automatic, because the pressure 
in the cylinder varies more during the stroke 
than in a throttling engine. 

Q. Which needs the more sensitive gov- 
ernor, an early cut-off, or a late cut-off ; and 
why? 

A. The early cut-off, because of the 
greater variation in pressure during a 
stroke. 

Q. What is the objection to the ordinary 
centrifugal speed-governor? 

A. The trouble with the ordinary centri- 
fugal speed-governor is that it "has to go 
slow in order to go fast.** This is true of 
any speed-governor; it does not operate to 
check the speed until the engine has 
actually speeded up beyond the regulation 
rate. As a consequence, it takes a turn or 
two of running at abnormal rate, before th^ 
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engine can be brought down to regular 
speed* Now, suppose an engine running 
120 turns and belted on to a ** dynamo'^ 
making 1,200 turns ; the engine may make 
one turn at the rate of 150 turns per min- 
ute, and then be choked down to one turn 
at the rate of 90, and then be speeded up to 
one at 140, then at 100, then at 130, then 
110, and then settle down to 120, as if noth- 
ing had happened. A speed indicator ap- 
plied during ten seconds would indicate an 
average speed of 120 turns, and the engine 
would be supposed to be a marvel of steady 
running ; but the dynamo would have been 
running at rates from 1,500 down to 900, 
if the belt shp did not prevent some of 
these variations. 

Q. How might the objection to the 
ordinary centrifugal speed-governor be 
remedied? 

A. What is wanted is a governor which 
will govern by the load and not by the 
speed, and will govern so quickly that if 
the engine is speeded at 120, each turn 
shall be made in one-half second; no spurts, 
no lags, no dancing. 

This can be accomplished in the case of 
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an engine driving a dynamo, by *« shnnting 
off" a part of the current, through a coil 
passing around a vertical soft iron bar at- 
tached t6 the throttle valve or cut-off lever. 
Any attempted increase of speed would in- 
crease the current in the coil, and raise the 
bar in the coil, thus actuating the throttle 
or the cut-off, in the veriest fraction of a 
second. 

Q. What classes of work require the 
best governors? 

A. Electric light machines, textile ma- 
chinery (particularly for silk), flour mills, 
and saw mills. 

Q. What law governs the revolution of 
the ordinary rotating conical pendulum 
governor? 

A- One revolution is performed in the 
same time as two vibrations of a common 
oscillating pendulum, having a length equal 
to the height of the point of suspension 
of the conical pendulum above the plane 
in which the balls revolve. 

Q. How long an oscillating pendulum 
will make a vibration in one second? 

A. 39.1393" in the latitude of London. 

Q. How long an oscillating pendulum 
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-would vibrate in ^^^h of a minute in the 
latitude of London? 



V39.193 X 60\« 

= 28.75". 



70 

' Q. How do you determine the number 
of revolutions that a conical pendulum gov- 
ernor will make, when the balls are at a 
given distance below the susi)ension point? 

A. Multiply the square root of the height 
of the cone in inches by 0.31986, and this 
gives the time of revolution in seconds. 

Q. How do you determine the diameter 
of the circle described by the balls of a 
conical pendulum? 

A. Divide 187. 58 by the number of revo- 
lutions per minute, and the square of the 
quotient will be the distance in inches, of 
the plane of revolution, below the point of 
suspension. Take the square of this ver- 
tical distance from the square of the length 
of arm in inches, and the square root of the 
remaindor is the radius of the circle in 
which the centres of the balls revolve. 

Q. Has the weight of the governor balls 
any influence upon the governor speed? 
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A. No. 

Q. What may be said about the governor 
speed? 

A. The governor should in no case make 
a number of revolutions per minute, exactly 
a multiple of the rotation speed of the en- 
gine, as that causes " dancing," and "plays 
hob" in mills where regular speed is a 
necessity. 

Q. In guaranteeing the regulation of a 
steam engine, what should be specified? 

A. In guaranteeing the regulation of an 
engine, the extremes and the averages of 
variation cf pressure, speed and load, should 
be specified. 

For instance, an engine may be rated to 
run within 2% of 120 revolutions, provided 
the governor is never set to keep the speed 
below 110 or above 135; and the pressure is 
kept between 75 and 85 lbs., averaging 78; 
under a load averaging 65 H. P., and never 
running below 65 nor over 75 H. P. 

DUTY OR ECONOMY OP AN ENGINE. 

Q. What is properly meant by the 
** duty " of an engine? 

A. The amount of work done, in rela- 
tion, to the steam consumed; though it is 

Digitized by VjOOQIC 



Steam Enginb Cateohism. 67 

generally understood as meaning the 
amount of work done, in relation to the 
fuel consumed by the boiler supplying the 
steam. 

Q. What is the only means by which 
steam can do useful mechanical work? 

A. By changing the volume of the vessel 
containing it. 

Q. How is the efficiency of steam in a 
perfect engine reckoned? 
' A. By dividing the range of tempera- 
ture worked through, by the maximum 
initial absolute temperature of the fluid en- 
tering the cylinders. 

Q. How is the efficiency of an engine 
as a machine reckoned? 

A. By the ratio of the quantity of work 
transmitted . from the engine to the mach- 
inery of transmission, to the work done by 
the steam in the piston. 

Q. How should the economy of an en- 
gine be expressed, and why? 

A. The economy of an engine should 
be expressed in lbs. of dry steam per hour 
per H. P., because expressing economy in 
lbs. of fuel per hour per H. P. depends on 
the boiler too, rather than on the engine 
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alone. Thns one boiler might require 600 
lbs. of coal to evaporate 3,600 lbs. of water 
from 62° to 310° F., and produce say 120 
H. P. in a certain engine; another boiler 
might require only 335 lbs. of coal to pro- 
duce the same amount of steam and power. 

Q. In buying an engine, when the^ 
rating is given in lbs. of steam }>er hour, 
what should be specified? 

A. In rating an engine, in lbs. of steam 
per hour, it should be specified that the 
steam should be either saturated, dry or 
superheated'^; and the initial pressure, 
point of cut-off, and load should be stated. 

Q. Under what conditions does insuffi- 
cient exx)ansion cause waste? 

A. Insufficient expansion is an evil 
which, especially in ordinary slide-valve en- 
gines cutting off at f stroke and later, is 
responsible for a great deal of the waste. 
The higher the terminal pressure, as com- 
pared with the mean effective pressure,* the 
greater the loss from this source. 

Q. How far should expansion be 
carried? 

* See under these heads in Steam Engine Catechlsmi 
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A. In what is conyentionally known as 
a •* perfect" engine (in which the waste is 
ovily about two-thirds the entire amount of 
heat), expansion should be carried on until, 
in the case of a condensing engine, the 
terminal pressure would be as low as that 
corresponding to the temperature of the 
condensers. In the average non-condensing 
engine, we may say practically that the 
best economy of steam is obtained by ex- 
panding down until the terminal pressure 
is just as low as the back pressure.^ Thus, 
roughly, if the back pressure is 2 lbs. above 
the atmosphere=16.7 lbs. absolute,§ and 
the initial pressurel in the cylinder was 
68.81bs. by the gauge=83.5 lbs. absolute, 
the actual expansion rateli should be at 
least 83.5-7-16.7=5; that is, not reckoning 
clearance, cut-off at least as early as one- 
fifth stroke. The steam user may readily 
prevent and cure this source of waste. 

Q. Does expansion pay when there is a 
good vacuum? 

A. The better the vacuum the greater 
the gain by expansion. 

Q. Does expansion pay when there is a 
great deal of clearance? 
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A. The greater the clearance, the less 
the proportionofce gain by cut-off at a fixed 
point of the stroke; because clearance prac- 
tically lessens the expansion ratio. 

Q. How far should expansion be carried ? 

A. In what is conventionally known as 
a ** perfect" engine (in which the waste is 
only about two-thirds the entire amount of 
heat), expansion should be carried on until, 
in the case of a condensing engine, the 
terminal pressure would be as low as that 
corresponding to the temperature of the 
condensers. In the average non-condensing 
engine, we may say practically that the 
best economy of steam is obtained by ex- 
panding down until the terminal pressure 
is just as low as the back pressure. Thus, 
roughly, if the back pressure is 2 lbs. above 
the atmosphere =16. 7 lbs. absolute, and 
the initial pressure in the cylinder was 
68.8 lbs. by the gauge =83. 5 lbs. absolute, 
the actual expansion rate should be at 
least 83.5-f-16.7=5; that is, not reckoning 
clearance, cut-off at least as early as one- 
fifth stroke. The steam user may readily 
prevent and cure waste from a wrong grade 
o% expansion. 
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Q. How mnch gain is there in adding 
lap so as to cut-off at half stroke? 

A. If we suppose a theoretically per- 
fect condensing engine, having no clearance, 
throttling, wire-drawing, cylinder conden- 
sation, nor steam or exhaust lead, and a 
perfect vacuum, we would get a theoretical 






'%,, 



"■'■> 






^ V 

Fig. 6 
card like Fig. 6. when cut-off is at half 
stroke, and instantaneous. There would be 
an instantaneous rise of pressure, from per- 
fect vacuum at K, to full boiler pressure at 
B; then the boiler pressure line would run 
at a uniform height, B M, until cut-off took 
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place (at half stroke in this case). At that 
point the pressore above vacunm wonld fall 
at such a rate that at stroke end it would be 
only half what it had been between com- 
mencement of stroke and point of cnt-ofiEl 
Then it wonld at once fall to vacuum, and 
remain at that until the end of the return 
stroke. 

Such a diagram would be represented 
by the figure K B M N L; the height of the 
^ure above the line K L representing 
pressures. The pressure at commencement 
of stroke is represented by B K; that at 
half-stroke, where cut-off takes place, by 
M O; that at stroke end, L N. The areas of 
the figures K M B O and O M NL repre- 
sent the amount of work done before and 
after expansion, respectively. In this case 
it will be found that O M N L is 0.69 (or 
nearly seven-tenths) the area of K B M O; 
and that is the amount gained by cutting 
off at half stroke, under the conditions 
flamed. 

Suppose that there was not a perfect 
vacuum, then instead of the pressure dur- 
ing the return stroke being nothing, it 
would be an appreciable quantity; and the 
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amonnt of work done would, instead of 
being K B M N L, be only A B M N D— as 
shaded. Of this, the part A B M B repre- 
sents the work done during full steam, and 
the part B M N D, that done during expan- 
sion. (See Fig. 7.) 

" ■■■ ""■"■ ~mK 



)frTJiOJ r C0Nr._\ lr 



WORK don;: Tm: CONDtJNLEh 



VACUUM 







Fig. 7 

In this case, the pressures above vacuum 
are the same as in Fig. 6, but the gain 
during expansion is not proportionately so 
great. 

The better the vacuum, the greater the 
proportionate gain by expansion. 
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Now, Btippose that this last case was 
altered by the introduction of clearance, 
say 2J%, (as shown in Fig. 8). 



{ STROKE 




Q VACUUM UNC 

Fig. 8. 

If Q M or P B is half of the whole stroke 
P D, then B M O K will be more than half 
of the whole volume, and N L will be more 
than half the initial pressure, K B. We 
have plainly marked all the lines A this 
diagram. It will be seen tha^ >he work 
done during expansion, (represented by 
the area B M N D) is not quite as large a 
proportion of the work done during fuU 
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Bteam, represented by the area Q M B P, 
as if there had been no clearance. 

The greater the clearance^ the leas the 
proportionate gain by cut off at a fixed 
point of the stroke; because clearance 
practically lessens the expansion ratio. 




M^^m^.^ff<^4<^rrrr.;<m^?}^'. 



Fig. 9. 
I will supplement my answer to the 
above question by showing what the 
proportions would be between the work 
done during full steam and that done dur- 
ing expansion, supposing all the conditions 
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to bo as in Fig. 6, except that cnt-off is 
at one-fourth stroke instead of at one-hall 
In this case there is much more work done 
daring expansion than before (see Fig. 9). 

The earlier the cut-off , under the con- 
ditions named, the greater the economy/ of 
steam by expansion. 

But economy of steam is not necessarily 
economy of money. 

Q. Is it not generally admitted that i 
stroke is the most economical point of cut- 
off? 

A. That depends upon the conditions. 
For instance, with initial pressure 27 lbs. 
by the gauge and cut-off at }, in a non- 
condensing engine, expansion would go 
belo^ the atmospheric line, and during 
about the last third of the stroke the piston 
would drag on the crank pin. 

Q. How much economy is there in high 
initial pressures? 

A. I clip from my note book the fol- 
lowing table showing the decreased steam 
consumption, consequent on increased in- 
itial pressure at such a point of cut-off as to 
give the stated mean effective pressures : 
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Q. Is tliere any plainly evident proof of 
the economy of high pressure steam? 

A. That high steam pressures tend to 
economy is plainly shown in ocean steamers. 
Twenty-five years ago they carried 16 lbs. 
pressure per square inch, and it took 5 to 6 
lbs. of coal per hour to make a H. P. 
Now they carry 75 lbs. and get one H. P. 
per hour with 2i to 3 lbs. of coal. The 
"Anthracite," carrymg 350 to 500 lbs. 
pressure, crossed the Atlantic with only 1 lb. 
of coal per hour per H. P. 



Digitized by VjOOQIC 



78 SUPPUEMENT TO THB 

Q. Under what circamstaiices may 
small x>orts be more economical of steam 
than large ones? 

A. In some cases (as, for instance^ in 
locomotive engines with badly designed 
valves and valve gear) where small ports, 
by wire drawing the steam, practically 
'effect the expansion of the steam before 
the lap of the valve cuts off the admission. 

Q. How is it that seme people find in- 
side lap to save coal and others find it 
do just the opposite? 

A. The effect of inside lap, or exhaust 
lap, as it is variously termed, is to dimin- 
ish the exhaust passage, and after a certain 
portion of the stroke to completely dose it. 
Thus we have two different effects upon 
economy. 

The first is a tendency to produce back 
pressure if the engine be running very fast; 
and back pressure previous to compression 
is always a waste of steam. So that if one 
valve had too little travel, or too little arch 
in the valve, or too small an exhaust 
passage, cutting out inside lap might free 
the exhaust and thus increase the economy 
of steam. 
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The second effect of exhaust lap is to 
cushion the exhaust at a certain portion of 
the return stroke; and this cushion or com- 
pression, if in proper amount, has for its 
effect to save the waste steam contained in 
the clearance spaces, and T^hich would 
otherwise reduce the grade of expansion 
and also chill down the steam entering 
from the steam-chest. The higher the speed 
(so long as the exhaust passages are large 
enough and there is enough exhaust lead) 
the greater the benefit of exhaust lap sim- 
ply as giving a cushion to the reciprocating 
parts. 

The greater the waste clearance space, 
the greater the benefit of exhaust lap up to 
that point, at which point the exhaust 
steam in the waste spaces is compressed up 
to steam-chest pressure. The higher the 
steam-chest pressure the greater the benefit 
of exhaust lap, because the greater the com- 
pression of exhaust steam in the waste 
clearance space. 

Thus both may be right. 

" Of two evils, the least Is always to be chosen." 

Q. What are the causes and effects of 
wire-drawing? 
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A. Unsteady wire-drairaLg has as its 
cause, insufficient size of ports and pass- 
ages, and as its injnrious effect, reduction of 
the mean effectiye pressure and of the ratio 
between this and the terminal pressure. 

Q. Does wire-drawing necessarily wholly 
represent wasted energy? 

A. Wire-drawing does not entirely waste 
energy, as while it lowers the initial pres- 
sure it causes slight super-heating; but it 
lessens the ratio between terminal and back 
pressures, and lessens the expansion ratio. 

Q. What is the most advantageous ad- 
justment of compression or cushion? 

A. The most advantageous adjustment of 
compression or cushion, (from the point of 
view of steam economy, and entirely irre- 
spective of the question of pounding) is 
when the quantity of steam cushioned just 
fills clearance spaces at initial pressure. 

Q. Why will not compression save all 
the loss by clearance? 

A. Compression cannot save all the loss 
by clearance, because the space through 
which the piston travels during compres- 
sion is lost for the production of work, 
while friction continues. 
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Q. What is the amount of compression 
to give, for maximum steam* economy? 

A. For every point of cut-off and for 
every amount of back pressure, there is 
mth each per cent of clearance, a point of 
compression which gives the best steam 
economy. 

The following table by D. K Clark, 
gives the best period of compression with 
7% clearance, and for several back exhaust 
pressures and for several points of cut-off: 

OOMPBESSIOM OF 8TBAM IN THB CYLINDER; BEST 
FEBIODS OP COMPRESSION. 
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Q. What is the advantage of exhaust 
pre-release? 

A. Exhaust pre-release enables the 
entire fall of pressure to take place towards 
the end of the stroke, effecting a saving in 
one part of the stroke and a loss in ano^er. 
By a proper point of release ihe saving 
maybe made to considerably exceed the 
loss. 

Q. What is the point for exhaust releaae, 
at which the greatest saving is effected? 

A. The greatest saving in work is effec- 
ted by making the release at snch a point 
that one-half the fall of pressure shall take 
place at the end of the forward stroke and 
one^half at the commencement of the re- 
turn stroke. 

Q. What is the effect of engine room 
temperature on cylinder condensation? 

A. The lower the engine room tempera- 
ture, the greater the amount of cylinder 
condensation. 

Q. What are the advantages of a small 
engine over an underloaded large engine? 

A. As the friction of the engine and 
transmission, does not greatly vary with the 
load; as the friction of a small engine is 
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less than that of a large one driving the 
same lead, it is best to nse a small engine 
at TnaTiTTmni eoonomio capacity, than a 
large one, underloaded. 

The following figures are given by Mr. 
Jnlins L. Homig as from indicator cards: 

COHFABISON TABLE OP USEFUL FERCENTAGB UP TO 

FULL capacity: 



Work dlvlsloiis. 


1 


2 8 


4 


5 


6 


7 8 


9 


10 


Per cent for 
large engine. 

Per cent for 
smaU engine. 


85 
55 


65 

75 


66 

86 


75 
95 


80 
100 


86 


92 


95 


96 


100 


Per ct. difference. 


20 


2C 


20 


20 


20 













Thns the small engine, with only half 
the capacity of the large one, shows a gain 
of 20% if used instead of the large engine, 
when the latter is worked at half its capac- 
ity or less. 

Q. How does the exhaust waste fuel? 

A. Every steam engineer should look up- 
on the exhaust as one of the most active 
and competent of the seven thieves which 
are robbing his engine of heat and his 
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pocket of cash. The exhaust waste is by 
reason of the heat taken up hj the exhaust 
from the interior surfaces of the cylinder 
•walls, which thus, instead of remaining hot, 
become chilled and cause internal conden- 
sation during admission and expansion. 

Q. Is lagging the exhaust pipe any 
use? 

A. No. 

Q. Is air space between lagging and cyl- 
inder, advisable? 

A. Yes. 

Q. Does the loss of a steam engine by 

friction vary with the load? 

A. Not necessarily. 

Q. What is the eflfect of a draft through 
the engine room? 

A. To increase cylinder condensation. 

Q. Which is the more economical 
method of lowering the capacity of an en- 
gine: — ^throttling, or cutting ofT earlier? 

A. In general, earlier cut-off is the more 
economical of steam, because throttling 
causes wire-drawing and lowers initial 
pressure, while earlier cut-off only dimin- 
ishes the mean effective pressure. 
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OAPAOirr OB POWEB. 

Q. What is meant by the. "capacity" or 
**power" of an engine? 

A. The capacity or power of an engine is 
the amount of work it can do, irrespective 
of economy. Thus, a %%" x 36^ engine run- 
ning 110 revolutions (66(y piston speed) per 
minute, has, at 80 lbs. initial pressure, a 
capacity of about 397 H. P. ; but it is more 
economical, that is, uses less steam per 
hour per H. P., "when worked to from 225 
to 342 H. P. 

Q. How may the horse power of a steam 
engine be expressed? 

A. The horse power of a steam engine 
may be expressed by Prof. Marks' for- 
mula: 

PLAK 

(HP)= ; 

33,000 

(HP) being the indicated horse power; 
P, the mean steam pressure on piston, in 
lbs. per square inch; L, the stroke in feet; 
A, the piston area in square inches, and N, 
the number of strokes (or double the num- 
ber of crank revolutions) per minute. The 
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anthor has a somewhat shorter formula: 
PAT 

(HP)= ; 

33,000 

in which the term T, representing the pis- 
ton travel in feet per minute, replaces the 
two terms L and N, in the preceding for- 
mula. 

Q. What is a nominal horse power? 

A. "Nominal horse power" does not 
mean anything in particular. It corres- 
ponds to '*as long as a piece of string;" or 
"as big as a lump of chalk." 

Q. "What is an actual or real horse power? 

A. An actual or real horse power is 550^ 
lbs. per second, or 33,000 foot lbs. per min- 
ute, or 1,980,000 foot lbs. per hour. 

Q. What is a ^^ force de cheval" or 
"cheval vapeurV* 

A. The ''force de chevaV* or **cheval 
vapeur,** is the French horse power. It is 

ft. lbs. 
75 kilogrammeters per second =542 J 
or 4,500 " * minute=«32,549 

270,000 «' " hour=l,952,932 

or about ^ part less than the British horse 
power. 



Digitized by VjOOQIC 



Steam Enqine Gatbohisk. 



87 



Q. How can yon ascertain the gross 
horse power from the piston area, qnickly? 

A. Look in the following table, in the 
square corresponding to the mean effective 
pressure and piston speed of your engine, 
and you have a number, which, multiplied 
by the piston area, gives the gross horse 
power. 
Multipliers for Various Speeds and Pressures: * 



LDS 


Lineal piston speeds In feet per minute. 


M. E.P. 


800 


400 


600 


600 


700 


10 


.090909 


.121212 


.151515 


.181818 


.212121 


15 


.18636.1 


. 181818 


.241818 


.272727 


.818182 


20 


.181818 


.242424 


.303080 


.863636 


.42^43 
.5£0808 


25 


.227273 


,303030 


.878788 


.464545 


30 


.272727 


.363636 


.464545 


.545456 


.636364 


85 


.318182 


.424242 


.580303 


.636364 


.742424 


40 


.:;63636 


.484848 


.606061 


.727273 


.848485 


45 


.409091 


.545455 


.681818 


.828283 


.954546 


50 


.454545 


.606061 


.757576 


.909091 


1.060606 


55 


.500003 


.666667 


.833333 


1.000000 


1.166667 


60 


.55.455 


.727;i73 


.909v,91 


1.090109 


1.272727 



Thus: — an engine 10" bore, with 40 lbs. 
mean effective pressure and 400' piston 
speed, has a gross horse power of 78.54X 
.484848=37.76. 

Q. What is the **f actor of horse power" 
of an engine? 
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area, qiii(^7? 
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pieBsnie J^^f^8 *« ^^ ^^^ eflfectiye 

b» aiei.-^ * anmber, -which, mnltipUed 
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"piston speeds In feet p«?r inliiutc 







*m 


6C0 


600 


... 


,151&1R 


.iFiiRia 


-: 


,s4mB 


jr.^^^ 




.ai«i08o 


Mm^^ 


M 


*87e788 


,4Wfl45 


Ji 


-464545 


.546455 




,5^r!r.^ 


.82«^H3 

1 .omim 



,H4S4HQ 

,i(Mrj4ft 



, ud 400' piston 
1 L.wer of 7B.5iX 



d by Google 
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A. The factor of horse power of an en- 
gine is the product of the area of the piston 
in square inches, by its speed in feet per 
minute, divided by 83,000. This figure, 
multiphed by the mean effective pressure, 
gives the gross horse power of the engine. 
Thus, a 14'' X 24" engine, making 150 turns 
per minute, has a factor of horse power of 

(14 X 14 X. 7854) X (2x300) 

=2,79 

83,000 

and with 40 lbs. mean effective pressure the 
gross horse power is 40 x 2.79=111.7. 

I contributed the following pome 
time ago to the Millstone, and reproduce 
it in order that my readers may construct 
similar tables for their own use: — 

**"We often see even engine builders tako 
a long while ciphering up the horse power 
of their standard sizes of engines at various 
speeds and mean effective pressures, and 
wonder that they do not have a **factor of 
horse power" calculated for each engine at 
its rated rotatum speed, so that its horse 
power, with any given mean effective pres- 
sure, may be obtained in a moment by one 
simple multiplication. "We give herewith 
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the factors of horse power of a series cf en- 
gines that we get up for "direct driving," 
electriolight machines, circular saw mills, 
&c. It will be noted that the rotation 
speeds are unusually light; but the engines 
are guaranteed to run cool and steady, and 
govern closely even under the excessive 
changes of load usual in such work. 
The factor of horse power is from 

PAT AT 

• 'Grimshaw's Formula" ; being 

33,000 33,000; 

that is, the quotient of 33,000 into the pis- 
ton area (in square inches] times the travel 
(in feet per minute). 



, 


« 


« 


^ 




^ 




1 


OQ 


1 

2 


PjM 


^ 


4 
r 


llorse Po 

at 60 lb 

Mean effec 

pressur 


8 


3 


1,200 


600 


7.07 


.12855 


6.427 


4 


4 


900 


600 


12.57 


.22855 11.427 


5 


5 


750 


625 


19.64 


.37196 


18.598 


6 




750 


625 


2S.27 


.53571 


26.785 


6 




650 


650 


28.27 


.55683 


27.841 


8 




525 


700 


50.27 


1.06606 


C8.803 
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Q. What is the ''horse power constant'* 
of an engine? 

A, The **horse power constant" of an en- 
gine is generally understood to mean the 
horse power developed for each revolution 
per minute and each pound per square 
inch mean effective pressure. Thus, a 
12* X 21'' "Hartford" engine, under an init- 
ial steam pressure of 80 gauge lbs., and 
cutting off at ^ stroke, (say 35 lbs. mean 
effective pressure) would, at 170 revolutions 
per minute=595 piston speed per minute, 
have a horse power constant of .4139 ; and 
its horse power would be 170x35 x .4139= 
70.36. 

Q. What is an easy rule for gross and net 
horse power of engines of 12" bore? ** 

A. In all engines of 11" bore the gross 
horse power equals the products of the 
mean effective pressure and the travel in 
feet per minute, divided by 291.8; and the 
net horse power is about equal to the mean 
effective pressure times thrice the lineal 
piston speed, with three figures pointed oflF 
from the right. 

Thus: — 12^^ engine with 40 lbs. mean ef- 
fective pressure, and 400' piston speed; 
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then the net horse power=40 x 1,200=: 
48. 

A Bimple f onunla f or horsepower of en« 
ginesis 

PAT 



33,000 
P being the mean eflfective pressure in 
pounds per square inch, A the piston area 
in square inches, and T the piston travel in 
feet per minute, 

Q. Is there any usual mean effective 
pressure, and piston speed, which makes it 
especially easy to calculate gross horse pow- 
er from piston area? 

A. Referring to the table,* it will be seen 
that the multiplier for 55 lbs. mean effebtive 
pressure, and 6()0' piston speed, is 1; so 
that in any engine working at those rates 
(which are customary inactual practice) the 
gross horse power is the same as the square 
inches of piston area. 

Q. Is it fair to rate the power of an en- 
gine by its ability to drive a certain ma* 
chine, rated to take a given horse pow- 
er? 
• Tills table will be found on pa^re 87. 
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A. No. The indicator, dynamometer, 
and the brake offer the only fair method of 
ratiog an engine. For instance, some 
descriptions of electric light machines 
sold to produce a given candle power 
■with a stated number of horse power, 
consume fcwo to ten times the stipulated 
motive force. 

Q. What is a hyperbolic logarithm, and 
how can I find the logarithm or hyperbolic 
logarithm of any number? 

A. You understand that a ** power" of a 
number is that number multiplied by itself 
a certain number of times. Thus 2X2=4 
is the second power of 2; 2X2X2=8 is the 
third -power oi 2] 2x2X2X2X2=3i2 is the 
fifih power of 2. Sometimes they are 
written thus: — 2^ for second power of 2; 2^ 
for third power of 2; 2^ for fifth power of 2, 
and so on. The little figure showing 
how many times the number is taken as 
a factor is called the "exponent," or 
"shower." 

Now note that if you multiply 2* or the 
second power of 2, by 2^ or the third 
power of 2, you get 2^ or the fifth power 
of 2; that is, in multiplying powers of a 
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xinmber together you add the expo* 
nents. 

Conversely, in dividing one power of a 
number by another power of a number you 
Bubtract the exponent of the divisor from 
the exponent of the dividend. Thus, 2*^ 
divided by 2» gives 2*; that is,2X2x2X 
2X2X2X2 (or 128) divided by 2X2X2 
(or 8) gives 2X2X2X2 (or 16). 

The * 'reverse" of a power is a **root." 
That is, if 25 is the second power of 5, then 
5 is the second root of 25; if 81 is the 
fourth power of 3, then 3 is the fourth root 
of 81. 

A root may be expressed by writing 
its exponent as the denominator of a frac- 
tion up at the right hand top comer of the 
number; thus 81^ means the fourth root, or 
reverse of the fourth power, of 81. 

Now suppose w e want to take the third 
power of the fourth root of 3; or the fourth 
root of the third power of 3. We can express 
that 3^; that is a fractional exponent. Let 
us work out the fourth root of the third 
power of 3, so we can see how much it is: 
38=3X3X3=27. 

3^=27^, <iOt by the following operation: 
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27.0(K00(5.1961 is the second root 
26. of 27. 

101)200 
101 



1029)9900 
9261 



10386)63900 
62316 



103921)168400 
103921 



5.19'61)2.2794 is the second root of 



4. 


6.1961 or the fourth 




root of 27, or the 


42)119 


fourth root of the 


84 


third power of 3, or 




is S^y or is Wd^, as 


447)3561 


it may also be writ- 


3129 


ten. 



4649)43200 
40941 



46584)225900 
182336 
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Now snpxxMse we write f decimally as 
0. 75, and put it 3° " ; then we have a deci- 
mal exponent for the 3. 

Yon can easily see that every nmnber 
mnst be some root of some power of some 
other nmnber; that is, must be an exponent 
(generally a fractional exponent) of some 
other number taken as a ''base." 

Thus, if we take 10 as a "base," then 2 
is equal to the hundred thousandth root of 
the 30,103d power of 10, and may be writ- 
ten 10.0-80108; 3 ia equal to 10.o-*"i8; 
and 6, or 3x2, equals lO.®-''*!'. If you 
will add 30,103 and 47,712 you wiU get 
77,815. 

Now there are tables prepared which 
show what power and root of 10, every 
number is; so that if we want to multiply 
any long number by any other long num- 
ber, we turn to the table, get these "expo- 
nents," add them, and then look in the 
table and see what number has for its ex- 
ponent of 10, the sum of these exponents, 
and that number is the product of the two 
numbers. 

These exponents of 10 are called common 
logarithms; there are plenty of tables of 
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them in mathematical works, and they save 
an immense deal of labor, besides ensuring 
greater accuracy than where long calcnia" 
tions are gone through with. 

Here we "do an example" in multiplica- 
tion by common logarithms: 

HulUpU 1.23456, of wMch the com. log. Is. . . . 0.090067 
By 7.89883 " " « " " "....0.897668 

THe som of the logarltluns Is 0.987684 

of wtlch the ^'natural number" Is 9.919177. 

Now well try an example of division by 

logarithms: 

Divide 187.8562, of which the com log. Is 2.27S041 

By 34.6999, of which the com. log. la. ... . 1.667914 

The difference of the logarithms Is. ... . 0.784097 
of which the natural number Is 6.4^1225. 

Now to take any power of a number: 

Suppose we want the fifth power of 

184.9263, of which the conmion logarithm Is. . 2.266999 
Then we multiply that logarithm by 5 

The product Is. 11.334995 

having for its **natural number" 216,269,- 
203,980.09+, which is the fifth power of 
184.9263, as you can prove by covering a 
few square yards of paper with figures. 

To take any root of a number: Suppose 
we want the seventh root of 9,999.999, of 
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which the common logarithm is 3.999999. 
Dividing 3.999999 by 7 we get 0.571428, 
which is the common logarithm of 3.7276. 
Then 3.7276 is the seventh root of 9,999.999. 

The "hyperbolic logarithm," or "Napier- 
ian logarithm," of any number is the "com- 
mon logarithm" multiplied by 2.3025851; 
there are tables of hyperbolic logarithms in 
most of the important works which treat of 
steam, and they are just as essential to the 
steam engineer as the common logarithms 
are to the scientific man who works in other 
lines. They shorten labor. 

Thus, suppose an actual expansion rate of 
two in a cylinder 2' long, and one square 
foot area of piston. Then at point of cut 
off we have one cubic foot of steam. Say 
it is at 100 lbs. pressure above vacuum, and 
the expansion is x>^rfect. Then at full 
stroke we have 2 cubic feet of steam at 50 
lbs. At i stroke we have 1.5 cubic feet at 
66| lbs. At I stroke we have 1.25 cubic 
feet at 80 lbs. At | we have 1,75 cubic 
feet at 57.14 lbs.; and so on. 

To roughly approximate the average 
pressure in the cylinder duriiig the time 
of expansion, we may thus proceed: 
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At I siaroke it is. 80 lbs. 

*' i " ** 66.67 " 

" I '* ** 57.14 " 

" I or full stroke it is 50. ** 



4)253.81 lbs. 



Bongh approximate average. . . .63.45 lbs. 

But suppose we count it at the ^ths in- 
stead of at the ^ths, it ciphers up 
At -^ stroke there are |=1.125 cu- 
bic feet; pressure | of 100= 88.882> 
At I stroke there are f =1.25 cubic 

feet; pressure ^ of 100= 80. fl> 

At fj stroke there are ^-=1.375 

cubic feet; pressure -j^^ of 100= 72.732> 
At f stroke there are |=1.5 cubic 

feet; pressure f of 100= 66.67ft 

At fj stroke there are -1^=1.626 

cubic feet; pressure -^ of 100= 61.541b 
At i stroke there are J =1.75 cubic 

feet; pressure ^ of 100= 57.14n> 

At fl^ stroke there are -^.=1.875 

cuDic f^et; pressure -f^ of 100= 53.33S» 
At f| or full stroke there are ^=2 

cubic feet; pressure ^ of 100= 50. lb 

8)530.2915 

Second approximate average, 66.28Ib 

Now the table of hyperbolic logarithms 

says that the hyperbolic logarithm of 2 
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(the expansion rate) is .6931472; so that 
without all the foregoing figuring, whioh 
after all only gives a rough guess at the re- 
sult, we may get the exact average pressure 
as 69.31472 lbs. 

THE CONDEKSBB 

Q. What is a vacuum? 

A. A vacuum is an absolutely empty 
space; although as we ordinarily under- 
stand it, it means a closed space from which 
a part of the contents has been abstracted, 
and which contains nothing but air or 
other gaseous fluid (or a mixture thereof), 
at a less tension than that of the atmos* 
phere. 

Q. What is the pressure in a vacuum ? 

A, The pressure or tension in a perfect 
vacuum is nothing, outwards; but there is 
an unbalanced pressure of nearly 15 lbs. 
per square inch (at the sea level) from 
without, towards its center, tending to fill 
it with whatever fluid surrounds it. 

Q. What is it which exerts this unbal- 
anced pressure of nearly 15 lbs. per square 
inch from without inwards, on the vessel 
containing a vacuum? 

A. The weight of the atmosphere. A 
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colnmn of air of one square inch at the 
base, and ronning from the sea-level to the 
npper limits of the atmosphere, weighs 
14.7 lbs. 

Q. With what yelocity does air rush into 
a perfect vaouum ? 

A. 1,338 feet per second. 

Q. What is the use of the so called air 
pomp, in a condensing engine ? 

A. The **air pomp" removes the water 
from the condenser to prevent the air 
which it contains, aocomnlating and still 
further destroying the vacuum, 

Q. Could a condensing engine be worked 
with a steam pressure less than that of the 
atmosphere ? 

A. Yes, if once started. 

Q. What would be the objection against 
in^nning a condensing engine with steam 
at less thai^ 14.7 lbs. per square inch in the 
boiler? 

A. The bofle? could not be blown out; 
and the gauge oocks coid4 uot be tried. 

Q. When and by whon^ was tbe condens- 
er first applied to decrease exhaust pres- 
sure ^ 

A. By James Watt in 1766. 



Digitized by VjOOQIC 



Stbam Ekoinb CATBOmSlL 101 

Q. How many principal types of con- 
densers are there; and what are tbej ? 

A. Four: — the surface condenser of ma- 
rine vessels:* the air pump jet condenser; t 
the ordinary siphon condenser, and the ex- 
haust steam induction condenser. 

Q. What is a "siphon condenser?" J 

A. A ''siphon condenser" is one in which 
the exhaust steam escapes through a nozzle 
c^ special shape, surrounded by another 
through which flows with a fall of 34' an 
annular current of water which condenses 
the exhaust steam. 

Q. What is an exhaust steam induction 
condenser ? 

A. A modification of the siphon condens- 
er in which is utilized the velocity of the 
exhaust steam. It provides for its own 
water supply without the aid of a pimip. 

Q. How is the exhaust steam induction 
condenser started ? 

A. By a small jet of live steam, which is 
shut off after the machine is started. 



* See steam Engine Catechism, page 74. 
t See steam Engine Catechism, page 73. 
t See Steam Engine Catechism, page 78. 
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Q. What is essential in a SO oalled siplion 
t)ondenser ? 

A. That the condensing water shall prop- 
erly fill the cone or jet, but without over- 
crowding. If the cone be too large, too 
much water will be needed. 

STBAM ENOINB BATTNG. 

Q. What are the principal elements to be 
considered in choosing or comparing steam 
engines ? 

A. The principal elements to be consid- 
ered in choosing or comparing steam en- 
gines, are their duty or economy, simplicity, 
regulation, and compactness. 

Q. What are the relative values of these 
four principal elements ? 

A. This varies with the use to which the 
engine is to be put, and the conditions 
under which it is to be run. Opinions of 
engineers and engine buyers differ widely. 
The following opinions from eminent au- 
thorities will prove of interest in this con- 
nection : 

The Harlan & HoUingsworth Co., Wil- 
mington, Del., builders of marine engines, 
while saying that the conditions indicated 
by such figures are necessarily modified in 
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different engines, estimate as follows: 
Economy, 40; durability, 20; simplicity, 
20; regulation, 25; and compactness, 5. 

Mr. J. W. See, Hamilton, Ohio, does not 
think it proper at all to divide a possible 
100 points among the features stated on any 
scale, as some other features entitled to 
recognition in the hundred might prove to 
have been omitted; and he doubts any one 
bmlt to give each feature its proper per- 
centage. He would say that a percentage 
based upon a possible hundred of each fea- 
ture now thought of or turning up in the 
future would be nearer right. In six out 
of every ten engines Mr. See thinks that 
regulation would be a matter of no import 
whatever, and in some economy would be 
nothing. 

The Norwalk Iron Works, South Nor- 
walk, Oonn., by E. Hill, Treasurer, say that 
regarding the rating of engines they would 
judge that no fixed rule could be adopted. 
In their opinion for engines intended for 
use in large cities and vicinity, economy 
would stand first, and in crowded buildings 
compactness would always be an important 
feature. Simplicity there is of not much 
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aocotmt, especially on a large engine, as 
skilled help is easily obtained. Durability 
wonld stand low in the scale, as repairs are 
easily made, and proprietors are progres- 
sive and ready to introdace improved ma- 
chines as they appear. 

For flour mill engines and many similar 
industries, regulation is the first point to 
be considered, as the quality of the entire 
product depends upon that. The other 
points would then be affected by other cir- 
cumstances of the case. For a coal mine 
durabihty stands pre-eminent, and next, 
simplicity, and if the power is transferred 
to a long distance through wire ropes, reg- 
ulation should be first-class. 

Mine engines on barren mountain peaks, 
difficult of access, demand durability and 
economy. 

The Atlas Engine Works, Indianapolis, 
Ind*, say concerning the value of the vari- 
ous features that make up the performance 
of an engine, they suppose that they would 
vary with different classes of engineers for 
different services. For stationary engines 
for ordinary land purposes their ideas 
would be to divide the 100 points thus: 
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Economy, 40; dnrability, 25; simplicity, 10; 
xegalation, 20; compactneBB, 5. 

Prof, de YoLaon Wood says, in thifl 
connection, that special conditions will 
greatly affect in partioolar elements. For 
average cases he thinks that adjusta- 
bility will be of but IHtle valne, and in the 
hands of an ignorant runner it may be a 
damage and should (for him) be marked 
0; a few intelligent runners might prize it 
highly. Similarly, in some cases, a want of 
compactness would render the engine 
nearly worthless for that particular caae. 

Such being the case, the judgment of dif- 
ferent engineers. Prof. Wood thinks, will 
differ greatly, but if he were to rato the 
elements with a definite number, instead of 
giving a range, he would mark them about 
thus: Economy, 30; durability, 40; tim- 
plicity, 15; regulation, 5; compactness, 10. 
Still, he is not certain how much may be in- 
cluded in regulation in this schedule— «uch 
as automatic cut off, or mechanical means 
for taking up wear. 

Messrs. O. A. Pray & Co., Minneapolis, 
Minn., rate economy at 50; durability, 35; 
simplicity, 5; regulation, 5; compaatness, 5. 
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The Fitchbnrg Steam Engine Company 
would divide abont as follows: Economy, 
50%; durability, 16; regulation, 16; simplic- 
ity, 13; compactness, 5. They think the 
question has many side issues upon which 
each depends; hence no fixed rule can be 
adopted for all conditions. Economy is de- 
pendent to a great degree upon close regu- 
lation under all variations of load and pres- 
sure, avoiding spasmodic use of steam; and 
also upon simplicity, for although, under 
critical tests, any engine may control well 
and all parts be in perfect adjustment, yet 
the lack of simplicity allows speedy and 
perhaps disastrous misadjustment, so that 
the difference between the critical and the 
average performance for five years may be 
largely in favor of a simple engine with a 
much lower first duty. 

Mr. F. F. Hemenway says that in the 
little thought he has as yet been able to 
give the subject, he must confess that the 
difficulties, mainly, have presented them- 
selves to him. For instance, economy with 
coal at $10, and with sawdust to throw 
away, would be two different things; in Hke 
manner regulation may be very important 
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in one instance and of not much in another. 
Mr. Hemonway says that if he were to do 
the same thing he would, if he wanted to 
make it generally acceptable to engineers, 
make his own figures to the best of his 
knowledge and then ask the opinions of 
all he thought best, requesting them to 
alter the figures and give reason for so 
doing. 

DESIGN, CONSTBUOTION AND EBEOTION. 

[See also both in other parts of this Sup- 
plement, and in the Steam Engine Gate* 
ohism, under the heads of the various parts 
of the engine.] 

Q. What is a rotative engine? 

A. One in which the reciprocation of the 
piston in a straight line causes the crank 
and shaft to turn. 

Q. What is a rotatory engine? 

A. A rotatory engine is one in which 
there is no reciprocating (or **to and fro") 
piston, but in which the action of the steam 
causes the shaft to turn, without the inter- 
vention of intermediate mechanism. 

Q. What type of valve causes the most 
wire-drawing? 
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A. The slide valve causes the most "wire- 
drawing. 

Q. What are the advantages of the inver- 
ted vertical type of stationary engine? 

A. Lower frictional resistance, smaller 
amount of floor space, higher speed, and 
less foundation needed, than for a horizon- 
tal engine. Besides, it can be erected in a 
more contracted position difficult of access. 

Q. What is meant by a "Oorhss" type of 
engine? 

A. In the United States, an engine with 
the rotative Corliss valve; in Europe, any 
engine with cut- off regulated by the gov- 
ernor. 

Q. What is the advantage of * 'conical" or 
tapered valves? 

A. * 'Conical" valves have the advantage 
that they may have wear taken up by end 
adjustment. 

Q. What is the objection to conical 
valves? 

A. "Conical" (or tapered) valves, unless 
hung on centres or on hardened trunnions, 
wear faster at the large end, and leak there, 
while they cannot be "set up" without 
pinching the small end. 
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Q. What are the disadvantages of two- 
ported engines? 

A. One disadvantage of having but one 
port for each admission and exhaust is that 
the cool expanded steam cools the metal of 
the port and lowers the temperature of the 
next admission. 

Q. How are cylinders and steam-chests 
generally protected from external radiation? 

A. By wooden "lagging" (made of strips 
held on by metal bands or covers) or by 
coarse hair felt with metal casing. 

Q. Is cork a good lagging for steam 
pipes? 

A. Cork is a good lagging for steam 
pipes if kept from charring by the interpos- 
ition of asbestos paper or asbestos blank- 
et. 

Q. What is the disadvantage of having 
the eccentric keyed on the shaft? 

A. Adjustment is very difficult. 

Q. What is the disadvantage of having 
the eccentric fastened by set screws? 

A. They are liable to sHp. 

Q. How is the amount of lead determin- 
ed? 

A. The proper amount of lead must be 
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determined by experiment with each en- 
gine. Twin engines mn at differing speed 
rates or tinder differing pressures or with 
steam of differing dryness, require differing 
leads. 

Q. What is "setting" slide valves? 

A. Fastening the eccentrics in proper 
position on the shaft (or aile) and adjusting 
the length of eccentric rods and valve 
stems. 

Q. Where should steam lead be greatest, 
and why? 

A. Steam lead should be greatest on high 
speed CDgines and on beam engines, be- 
cause these are most likely to thump, by 
reason of their greater momentum. 

Q. Where should exhaust lead be great- 
est? 

A. Exhaust lead should be greatest with 
high speed engines and late cut-off. 

Q. Which is generally greater, exhaust 
lead or steam lead? 

A. Exhaust lead is generally greater than 
steam lead, because exhaust lead has to re- 
lease all the steam in the cylinder, whilt 
steam lead is only to fill the clearance witK 
live steam. 
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Q. How sbould a slide yaJve be grotmd? 

A. In grinding a slide valve in which 
there are hollow plaoes, it is better to use 
water with the emery or sand than oil; and 
kerosene is better than any other oil for 
this purpose. 

Q. What is necessary before either re- 
le£U3e or admission can take place? 

A. The valve movement must exceed the 
ezhanst lap before the exhaust is open; and 
most exceed the steam lap before admission 
can commence. 

Q. How may the port opening for any 
amount of valve movement, be calculated? 

A. To get the port opening for any 
amount of valve-throw, subtract from that 
throw, the steam lap or the exhaust lap, 
whichever governs the case. 

Q. What should be the rule for determin- 
ing steam port area? 

A. The steam port area of an engine 
must be sufficient to give the steam ample 
inlet without wire-drawing, and exit with- 
out causing excessive pressure. The steam 
passages must not be so 1 rge as to cause 
excessive clearance. For a piston speed of 
600' per minute, the area of each port 
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ought to be about ^ the piston area, with 
ordinary steam; -^ will answer where the 
steam is yery dry. For other piston speeds 
the area should be proportionaL 

Q. What easy, approximate rale can yoa 
give for area of ports of '^square" en- 
gines? 

A. For "square" engines running 600' 
per minute, with 55 lbs. mean effectiye 
pressure, two square inches of port area per 
horse power, or i-hr square inch for every 
cubic inch of cylinder capacity, is about 
right; and other speeds and mean e£Eectiye 
pressures, proportionally. 

Q. TVhat is the objection to large port 
area? 

A. The objectictfi to large port area is 
that it causes excessiye clearance. 

Q. What is the objection to small port 
area? 

A. The objection to small port area is 
that it causes excessiye friction. 

Q, How is the steam port width deter- 
mined? 

A. The steam port width is found by diyid« 
ing the necessajy area by the greatest prao- 
4oable length. 
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Q. What are the objections to a very 
narrow exhaust port? 

A. A very narrow exhaust port will choke 
the exhaust at the end of the valve stroke. 

Q. What are the objections to a very 
wide exhaust? 

A. A very wide exhaust necessitates an 
unnecessarily long slide valve, and excessive 
friction. 

Q. What is gained by having the steam- 
chest under the cylinder? 

A. The special use of having the steam- 
chest under the cylinder, is to free the cyl- 
inder readily of water of condensation, 
which would otherwise endanger the cylin- 
der heads. 

Q, What are the evils of too small crank 
pin diameter? 

A. Too slender a crank pin is liable to 
bend or break. 

Q. What are the objections to too large a 
crank pin? 

A. Too large a crank pin heats; one of 
the greatest troubles about a steam en- 
gine. 

Q. What objections to a very long crank 
pin? 
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A. Avexy long crank pin is liable to bend. 

Q. What is the disadimntage of a yeiy 
short crank pin? 

A. A very short crank pin has not 
enough bearing surface. 



^ 



J 



Fig. 9. 

Q. What is the best proportion between 
fly-wheel weight and the work on the piston? 

A. Mr. N. J. BafiEJEurd has examined into 
the best proportions between fly-wheel 
weight and the work on the piston; also 
the best place for the fly-wheel on the main 
shaft, as regards friction; and the superiori- 
ty, from this point of view, of the horizontal 
oyer the vertical engine. 
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Sappodng an engine carrying full steam, 
and with connecting rod of infinite length, 
and without fly-wheel, and snch equal work 
as would be put on it by a completely uni- 
versal screw propeller. For each position 
of the crank, the work carried by the con- 
necting rod being constant in amount and di- 
rection, the pressure of the shaft against the 
brasses would be constant, and the friction 



f 



Fig. 10. 
the same throughout the whole reyolution,no 
matter what the inclination of the cylinder. 
Adding a fly-wheel, as in Fig. 9, near the 
crank, its weight comes into play. In the 
yertical engine this fly-wheel weight helps 
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or hinders the piston, according to the 
direction of motion; but this helping or 
hindering, in the case of the vertical engine, 
balance. Supposing the same engine ar« 
ranged horizontally; there will be 40^ 
more fly-wheel friction. 



■ 



^ 



Fig. n. 

Placing the fly-wheel in the middle of the 
shaft as in Fig. 10, then in the vertical ma- 
chine only fifty per cent, of the friction due 
to the fly-wheel weight will be neutralized ; 
but in the horizontal engine, only 30%. 

Putting the fly-wheel at the other end of 
the shaft (Fig. 11) the fly-wheel friction will 
be twice as much in the vertical engine as 
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in the same engine with fly-wheel next the 
crank. 

Mr. EafiEiard applied these principles to 
the Wool! compound engine of the follow- 
ing dimensions, &c. : 

Stroke, 0.90 metres=35.433 in. 

Diam. L. P. cyl 0.40 " 15.748 *« 

" H.P. *• ....0.18 " 7.087 " 

" Shaft 0.155 " 6.103 " 

" Flywheel 4.50 " 13.12 ft. 

Oon. Bod, 5 cranks long. 

Pressure, 5 atmospheres =say 73.5 lbs. 

Gat>off at I stroke. 

Bey. per min., 40 to 45. 

Theoretical ind. H. P., 60 H. P. 

Weight of flywheel, (see table.) 

The table gives in kilogrammeters* 
the friction in the bearings, coming from 
the combined efforts of the pressure on the 
connecting rod, and the weight of the 
fly-wheel, under various conditions of fly- 
wheel position relative to the crank; and 
neglecting that of the shaft itself ; though 
taking into aocoxint the obliquity of the 
connecting rod: 

•1 tdlosrammeter equals .era 11». per ft or 3.016 per 
yard. 
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No. 1, 
Vertical Engine, 


Horizontal fingln©. 


*^il 


Fly wheel 
welgrhlng 
aiOOkilogrt 


Flywheel 
weighing 
48D0kllogt 


Flywheel 
weighing 
8400 kilog 


Fly wheel 
weighing 
4800 kilog 


^sg 


Friction 
in kilog§ 


PricUon 
Inkllog 


Friction 
InkUog 


Friction 
inkllog 


By the 
crank.... 


105.6 


140. 


117.6 


168.3 


Middle ot 
shaft 


13&4 


172.2 


139.6 


184.2 


Opposite 
crank 


172.5 


239.2 


172.6 


239.2 



This table sbowB how much the frictioii 
can vary according to the disposition of 
the parts of the machine; and that 
the variation can run as high as 99kiIo- 
grammeters per turn in an engine of about 
30 H. P., even when the stroke is long as 
compared with the cylinder diameter. 

This variation is considerably increased 
with the work in the pistons ; that is to 
say, when with the same nominal power, the 

T4,891 Iha. av. 1 9,782 IDs. av. 

i Kilogram equals 2.2046 IDs. ayoirdupois ; 1 lb. 
ayolrdupois equals 0.45359 kUograms. 
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stroke is diminislied and the fly-n/lieel 
weight increased. 
The Woolf ** pendulum*' engine with flj- 




•ee 



Fig 12. 
wheel near the connecting rods (see Figs. 
12, 13, 14,) and vertical cylinders, permits of 
reducing or even completely neutralizing 
fly-weeel friction. 
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Q. What is the best place for the fly- 
wheel on the main shaft, as regarcs friction? 
A. Next the crank. Bee account of 




Fig 13. 
Bafiard's experiments, page 114 

Q. Which has ihe least flj-wheel fric- 
tion, a horizontal or the vertical engine, 
other things being equal? 
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Fig. 14. 

A. The vertical. See account of Baf- 
ford's experiments, page 114 
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OABB AND T7SB. 

Q. When and how should the valves be 
finally set? 

A. The valves shonld be finally set by 
reference to indicator diagrams, and while 
they are hot. 

Q. What is the best way to keep piston 
valves tight? 

A. The best way is to bore the valve 
chamber accurately, make a good plug fit, 
and when leaks commence, rebore and make 
a new valve. 

Q. How can slide valves be cured of 
wearing curved? 

A. Slive valves that wear curved can 
generally be prevented from that sort of 
thing, after valve and seat have been planed 
up, by using a ** back rod " as a guide ? 

Q, How may cutting of cylinders and ex- 
cessive friction be lessened? 

A. Dry plumbago will improve the run- 
ning and decrease the cutting ot steam en- 
gine cylinders. 

Q. How may wire drawing be les- 
sened? 

A. Wire drawing may be lessened by the 
use of double eccentrics and ''gridiron" 
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slide valves, and by iiicreasing the area of 
steam ports and passages. 

Q. How may wire drawing be avoided? 

A. Wire drawing may be avoided by us- 
ing the Corliss types of valve gear, where 
the admission valves are suddenly opened 
and closed* 

Q. What may be said of the practice of 
having the parts of an engine " about true 
enough" rather ihan absolutely true? 

A. The only place for a piston rod is in 
the exact centre of the piston and of the 
cylinder; the only position of the crank 
shaft is absolutely at right angles with the 
cylinder axis, and the crank pin should be 
absolutely in line with the shaft. 

Q. How should the guides be lined up? 

A. Guides on steam engines should be 
lined up by the bore of the cylinder and not 
by the counter bore. 

Q. Which wears an engine out most, for 
a given piston speed, frequent reciproca- 
tion or fast rotation? 

A. An engine wears out by the recipro- 
cation of the parts rathef than by the rota- 
tion of the wheel and shaft. 

Q. What is ** lost motion ? " 
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A. Lost motion is looseness of parts 
which are supposed to prevent fixed rela- 
tive i)ositions. Thus, if the connecting 
rod have lost motion at the cross head pin 
the piston starts and ** takes up" that 
looseness before it moves the connecting 
rod, 

Q. What often causes jarring at the time 
of cut oflf? 

A. Having an overhead supply pipe with 
a right angle in its horizontal portions. 

Q. How may the pound in an engine be 
located ? 

A. The pound in an engine may be locat- 
ed by placing one end of a piece of i" wire, 
8" long, in the teeth and applying the other 
to each end of the crank shaft bearings, 
cylmder, etc. Where tliere is most shock 
there will be the pound. 

Q. What is the probable cause of pound- 
ing when the crank is on the dead cen- 
tre? 

A. Pounding at the end of the stroke 
when the crank is on the dead centre may 
come from a ridge in the cylinder, or at the 
guide bar end, or from the connecting rod 
brasses not being keyed up tight enough. 
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Q. What is the probable cause of pound- 
ing at half throw? 

A. Founding when the crank is at half 
throw will not be caused by any of the 
above, but will be apt to be occasioned by 
the crank pin not being parallel to the 
crank shaft, or from one or the other of the 
crank shaft journals being low. 

Q. Where do horizontal piston rods wear 
most? 

A. Horizontal rods wear most in the mid- 
dle; the end 4 wearing elliptical ("oval" so 
called) ; the back end wearing most on the 
bottom and the crank end most on the top 
(where the engine throws under this is re^ 
versed.) 

Q. What are the requisites of a piston rod 
packing? 

A. A piston rod packing must allow the 
rod to move freely up, down or sidewise 
with little friction, with little wear of the 
rod or of the packing; and must make a 
steam tight joint under the highest pressure 
that there will be found in the cylinder. 

Q. What defects are we likely to find in 
piston rods that are out of true? 
A. Pistons aie apt to be out of centre, to 
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be out of ronnd and crooked; either one or 
the other, and sometimes all three; in ad- 
dition to which they are apt to be smallest 
in the middle, and the back end will be 
worn most upon the bottom and the crank 
end most upon the top. 

Q. What are the principal causes of pis- 
ton red packing and valve stem packing 
being in bad condition? 

A. Among the principal causes of rod 
packings being in bad condition are exces- 
sive speed, and steam pressure; lack of 
alignment; crooked or bad rod; too short 
stuffing boxes; packing of inferior kind or 
quality, or badly put in, or insufficiently 
car. d for; and in the case of the piston rod 
packing, leaky piston or too little clear- 
ance. 

Q. What are the effects of high pressure 
on many rod packings? 

A. High pressure, generally accompanied 
by high speed, and i.lways by high temper- 
ature, causes baking and abrasioa of 
many packings, especially fibrous vegetable 
ones. 

Q. What does lack of alignment do to 
rod packings? 
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A. Lack of alignment pnts excecieof pres- 
sure on one side of the packing and tends 
to wear it out rapidly at that side. 

Q. How do crooked rods aflfect pack- 
ings? 

A. Crooked rods put sudden pressures 
first on one side and then on another, of the 
packirgs, and unless they are adjustable, 
tend to tear them cut. 

Q. What precaution should be taken in 
the use of fibrous piston rod packing? 

A. If fibrous m terial be used, care 
should be taken lest it contain grit, which 
win scrat:"h the piston lengthwise and 
cause channels for the esc. pe of steam, 
besides makicg more friction. 

Q. Whatrulo is there for thickness of 
coil packing? 

A. Coil packing should be in thickness, 
half the difference between the diameters 
of red and h x. Thus a 3" rod in a 4^" 
box r. quires {" packing. 

Q. What is the effect of cutting the rod 
packing rings too Icng? 

A. If the rod packing rings are too long 
they wi.l not hug the rod, and the packing 
w.ll not be steam tight. 
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Q. What is caused by cutting the rod 
packing rings too short? 

A. If the rod packing rings are cut too 
short tbey will not meet, anJ leakage will 
result. 

Q. "What is the proper procedure in 
packing a stuffing box ? 

A. In packing a stuffing box with coil 
packing, put in as much packing as will 
just allow t'le gland to enter; screw up 
hard; then slacken. 

Q. What should be done if the eccen- 
tric straps heat ? 

A. If the eccentric straps heat, the bolts 
should bo slackened a very little; and when 
the Engine stops the straps- should be 
removed and scraped (not filed) to a true 
and smooth surface. 

Q. What is the best cure and preven- 
tion of heated bearings ? 

A. Gocd dry **air floaited" plumbago 
(black lead; graphite) free from grit, will 
cool any hot bjar^nj that anything else 
will, and will prevent heating, better than 
anything else which we Lave ever seen. 

Q. Eow can blight work best bo pro- 
tected? 
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A. Bright work may be much better 
protected by tallow and lime than by white 
lead and tallow. In any case tliere should 
be an excess of tallow, so that the covering 
may be readily wiped cflf with waste. I have 
used the German putz-pomade tor brass 
and nickel plate, with great satisfaction. 

Q. How can bright work be freed from 
rust? 

A. Crocus cloth properly used, with a 
soft pine stick, removes rust from bright 
work before it has time to get deep into the 
material, and should be kept in every en- 
gine room. It must be remembered that 
rust breeds rust 

Q. How should tight nuts be moved? 

A. By first 1 joseniug them with coal oil, 
if rusted. 

Q. How often should indicator cards be 
taken? 

A. Indicator cards should be taken daily 
from every engine of twenty -five H. P., or 
over. They pa^ in time, money, freedom 
from annoyance, &c. 

Q. What important memoranda may be 
made concerning Ihe care and use of the 
indicator? 
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A. Test your indicator by some standard 
gauge before taking any cards. Never con- 
nect the indicator to the blow-off hole in the 
cylinder. Indicate both ends of the cylin- 
der, and the steam chest as well. 

Q. What is the advantage of a small 
steam chest? 

A. A small steam chest gives the throttle 
better control of the engine than a large 
one, because if there is a large one 
the steam therein may act by expan- 
sion between the point of complete throt- 
tling and that at which the lap of the valve 
causes cat-off. A small steam chest has also 
to recommend it, that it decreases loss of 
temperature and pressure from condensa- 
tion. 

Q. What may be said of the carrying pow- 
ers of steam pipes of different diameters? 

A. Doubling the diameter gives six 
times the carrying power for long distan- 
ces, as proved by the experience of the New 
York Steam Heating Co. 

Q. What should be the diameter of the 
exhaust pipe? 

A. The exhaust pipe should be doable 
the area of the steam pipe. 
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Q. How may the exhaust be deadened? 

A. The exhaust of a a engine may be 
deadened by running it through a large 
box filled with perforated heads, or with 
ordinary pebbles all of one size. If the 
box is large there will be no back pressure 
made. Another way is to utilize the ex- 
haust to heat the feed water. 

Q. How are slide valves and seats fiin- 
iahed? 

A. By planing, then filing, and scraping 
so that every part of the valve face touches 
the seat, in all positions of the valve. 

Q. What objection is there to cast 
cranks? 

A. Cast cranks will not permit of shiink- 
ing the crank pin in the eye, without dan- 
ger of cracking. 

Q. Are half round brasses in connecting 
rod ends, good things? 

A. Half round brasses in connecting rod 
ends must have been designed by old 
Clootie. Avoid their use. 

Q. "Which is the greater cause of crank 
pins heating; increase of speed or increase 
of pressure? and why? 

A. Within certain limits, an increase in 
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speed heats the crank pin more than a pro- 
portionate increase in pressure, because it 
expels the lubricant more rapidly. 

A. What is the best way to put in a 
crank pin? 

A. The best way to put in a crank pin is 
to taper it a little and drive it in slowly by 
hydraulic pressure. 

Q. How may the shock of a sudden ad- 
mission of high pressure steam be neutral- 
ized? 

A. By making the piston and cross head 
very heavy so that the shock will be ab- 
sorbed by reason of the inertia of the then 
motionless or nearly motionless mass of 
metal. 

Q. Is the velocity of the crank pin and 
fly wheel constant at all parts of the stroke? 

A. It should be; and is, practically. 

Q. Is the velocity of the piston the same 
at all parts of the stroke? 

A, No. 

Q. Is the variation of the velocity of the 
piston regular or irregular? 

A. Begular. 

Q. When is the velocity of the piston the 
least? 
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A. At stroke ends, when it is absolutely 
nothing, 

Q. When is the velocity of the piston the 
greatest? 

A. When it is a little ahead of mid-stoke 
on the forward stroke of a stationary en- 
gine, and a little behind mid-stroke on the 
retnm stroke. 

Q. What is the maximnm speed of the 
piston? 

A. The maximnm piston sx>eed is aboat 
J^* of its mean speed. 

MISCEIiLANEOnS. 

Q. What are the advantages of steei 
piston rods? 

A. Steel piston rods have to reoommend 
them — ^greater smoothness than wrought 
ircn rods and greater stiffiiess for a given 
diameter; or for a given stiffness — less 
weight and less reduction of the effective 
area of the piston on the crank side. 

Q. How is the piston rod fastened to the 
piston head? 

A. Its end is tapered and passes through 

8.1416 
•Accurately -■ 1.5706. 
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a tapered hole in the piston head. The ta- 
per prevents its being pushed throngh too 
far, (even if there be no shoulder, as there 
generally is) and a key or a nut prevents its 
being pulled out. 

Q. How is the piston head of a large 
engine generally constructed? 

A. Of two c -st iron (or bronze) pieces; 
one a "spider," to which the rod is fastened; 
the other a "follower plate " bolted to the 
spider by "follower bolts." 

Q. How is the piston made to work 
steam tight in the cylinder bora? 

A. By "packing" of one kind or an- 
other, in suitable circumferential grooves. 
Sometimes hemp strands are employed. 
Most usually there are cast iron BpHt rings 
set breaking joint and spring into the 
grooves in the spider. These rings are 
kept out by either their own elasticity, or 
the steam oressure in the cylinder, or 
springs within the spider. 

Q. How are the piston rod and the 
valve stem generally made to work steam 
tight in the cylinder head and valve chest 
end, respectively? 

A. By passing them through a stuffing 
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box, consisting of a ojlindrical chamber 
snrronndiDg the rod or stem, so as to leave 
an annular space, which is filled with pack- 
ing materia], (vegetable or metal) and the 
pressure of which against the rod is adjus- 
ted by a ''gland," fitting outside the rod 
and inside the stuffing box, the depth to 
which it penetrates, being regulated either 
by bolts or by the stuf&ng box and the 
gland being threaded. 

Q. What should be required of rod 
packing? 

A. Bod packing should accommodate it- 
self without undue wear of rod or packing, 
to crooked, tapering, and fluted rods. 

Q. How is the piston rod attached to 
the cross head? 

A. By its end being tapered and inser- 
ted into a tapering hole in the cross head, 
and held in by a key. 

Q. How is the connecting rod attached 
to the cross head? 

A. To a pin, generally called a wrist 
pin, and cast in one piece with the cross 
head, each end bearing in one side of the 
** fork " of the cross head. (In the Straight 
Line engine the wrist pin is fast in the 
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connecting rod end and hums in bearings, 
at each end, in the cross-head fork.) 

Q. Which guide wears the most, in a 
horizontal engine; and why? 

A. In a horizontal engine which " runs 
over," the bottom goide wears the most, 
because on the out stroke the cross-head 
end of the connecting rod bears down, the 
connecting rod being in compression, and 
the crank pin above the center line; and on 
the return stroke the connecting rod is in 
tension and the crank pin below the center 
line, so that the cross-head end of the con- 
necting rod is then pulled down. 

If the engine ''runs under " as in a loco- 
motive engine when going ahead, the top 
guide gets the most wear. 

Q. What may be said of the width of 
piston rings and piston- valve rings? 

A. Piston rings and piston-valve rings 
should be wider than the ports which they 
pass, to prevent their catching in the l&U 
ter. 

Q. What are the ways of cutting piston 
packing rings? 

A. The usual way is by a straight dia- 
gonal cut but this opens out as the cylin- 
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del bore enlarges. .^ We prefer a cut in 
this shape: 



n 



Q. "What principles should be carried 
out in regard to designing and making 
piston heads? 

A. "The piston head should be deep 
enough to insure tightness, durability and 
good alignment, -without being uuduly 
heavy, especially in vertical engines. It is a 
Cood plan to make it of two portion s cast 
from the same pattern, but one having turned 
on it a hub corresponding to a recess in the 
other. These two may be bored parallel, 
smaller than the rod, which is to be turned 
down parallel to fit the hole accurately, 
core bein^ taken to leave no square comer 
at the junction of the full-sized and the 
reduced portions. It is cheaper io bore 
parallel than to turn the rod taper and ream 
a taper hole. 

" The ring should be cast larger than the 
head; three water grooves turned in it, and 
a sufficient portion cut out diagonally ta 
bring it down to the ri^ht di.imeter when 
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sprung in to the recess turned for it in the 
head." — Power, 

LtJBBICATION. 

Q. How should lubricants be regard- 
ed? 

A. Lubricants should be regarded as 
money savers, not as necessary evils. They 
should not be selected because of cheap- 
ness per gallon, but by reason of fitness for 
the special purpose. 

Q. Will good lubricatiou save steam and 
fuel, or only ensure cooler running and 
greater durability of the engine? 

A. I have for some years been trying 
to persuade the average lunkhead engine- 
owner and pig-headed ** engineer" (cour- 
tesy title, in too many cases of which all 
know, for ** starter and stopper") that there 
is no economy in first sloshing an engine 
all over, inside and out, with cil and then 
letting it run dry and cutting; that it takes 
more oil, more coal and more repair-bills, 
(to say nothing of time lost from shut 
downs) than where a decent lubricating 
device is used. But it is rarely that even 
with a good coal saving as a test I can 
prove the fact 'Tis a fact all the same. 
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Q. What should be the characteristics 
of a good lubricant? 

A. A lubricant should have body enough 
not to be squeezed out under great pres- 
sure; and yet be fluid enough to enter 
between tightly fitting bearing surfaces; 
should be a good conductor of heat, and have 
a high power of reducing friction. It should 
not be liable to decompose in the air or in 
use nor to corrode the bearings and journals, 
&c. It should vaporize at a high tempera- 
ture and chill or thicken at a low; and of 
course be free from grit and adultera- 
tiun. 

Q. What are the best lubricants? 

A. Sperm is the best general lubricant, 
but for a given friction-reducing power 
costs t^o much. It is generally better to 
pay half cs much for a lubricant with two- 
thirds the anti-frictional and durable qual- 
ities that sperm has. 

For light bearingd the most fluid oil that 
will remain in place is the best. 

Lubricants should adhere naturally to 
the bearing metal. In this respect mineral 
oils are first, then sperm, then neats-foot 
and then lard. 
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Q. What is the effect of heat on lubri- 
cants? 

A. Bearings should never be allowed to 
commence to heat, as heating reduces the 
consistency of lubricants and causes them 
to squeeze out and cause still more heating, 
and so on. 

Heating should be prevented, rather 
than cured. It cracks, distorts and abrades 
the surfaces in contact; and even sets fire 
to the lubricant; overheating, softening 
and weakening both the journal and the 
bearing, aad even welding them together. 

Q. Does it pay to use poor lubricants? 

A. No. A saving of 10% in cost of lub- 
ricants has been sbown by the indicator to 
cause an increase of 10% in the more im- 
portant item of coal. 

Q. What are the legitimate uses and 
proper mo Jes of use of oil cans? 

A. Oil cans have their legitimate uses 
and modes of use. They are not intended 
to squirt oil at an oil hole; but where it is 
necessary to oil through a small orifice the 
nose of the spout should be put in the hole, 
not simply near it. The ** illuminating oil 
can " seemed to be one of the — the very 
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few — ^ihingB which really ** filled a long felt 
want;" but for some reason or other it has 
not got to general public knowledge, mnch 
less into general public use. 

Q. How may hot bearings be cooled 
down? 

A. Sulphur and grease have a cooling ten. 
dency upon hot bearings. This is probably 
because the fine metallic dust formed by 
the hot journal combines with the sulphur 
to form a greasy sulphide. 

Q. How should the guides and slides be 
oiled? 

A. From cups on the cross head and 
also from stationary cups on the slides. 

Q. What is a good way to oil crank pins 
and their brasses? 

A. By haying the crank pins bored and 
drilled for oil passage and connected with 
an oil tube parallel with the crank and ex- 
tending as far as the center of the main 
shaft, where it has a filling cap. The fas- 
ter the crank turns, the greater the centri- 
fugal force tending to drive the oil from 
the closed end at the shaft center, to the 
crank pin end. 

Another good way is by a wiper on the 
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crank, which licks a drop of oil from a 
metal or other strip, fed from an oil cup, 
eyery time the crank goes over. 

Sometimes there are "oil cellars" at- 
tached to the under side of the straps; these 
being metal boxes filled with oil. 

Q. How may the crank pin of a portable 
engine be kept oiled? 

A. A simple arrangement for oiling fhe 
crank pin of portable engines is to make it 
of a steel tube, and fill it with tallow. By 
this means it may be made a perfect self 
oDer. 

Q. How should oil be supplied to the 
cylinder? 

A. Oil should be supplied to steam cyl- 
inders continuously and in small quantities. 
Attention to this will result in saving lubri- 
cant and in keeping the cylinder in better 
condition. 

Q. What can be said of cylinder oils 
containing mineral oils? 

A. Cylinder oils containing mineral oil 
are apt to be entirely free from all honey- 
combing action on the valve seat and cylin- 
der wall; but when the piston has insuffi- 
cient bearing surface, and the pressure is 
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great, they sometiines have not enongh 
* ' body " to prevent cutting. 

Q. What can be said of cylinder oils 
for high pressures and high speeds? 

A. Cylinder oils for high pressures and 
speeds should be better than those for low. 
This is seldom the case. Tell your oil 
dealer what you need and see that he gives 
it to you. 

Q. How should cylinder oils be test- 
ed? 

A. The only way to test a cylinder oil 
is by an indicator, in the cylinder of an 
engine (preferably the one on which it is 
desired to use it) under the speeds and in- 
itial pressures of everyday use. Eun the 
engine with some standard oil, as lard, tal- 
low, &c., take friction cards and load cards; 
then run for a day with the oil to be tested, 
and then commence taking cards, with the 
same load on as before. 

[The following query was made in refer- 
ence to the question in the Catechism, con- 
cerning light piston head versus light cylin- 
der head:] — 

Q. Isn't there a misprint on page — of the 
Catechism where you state that a piston 
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head shotild be made light, so that, if it 
bronght up against something, it would 
break instead of the cylinder head? This is 
oontrary to locomotive and marine engi- 
neering. Some locomotive builders turn a 
narrow groove between the joint and bolt 
holes. Here on the Mississippi the flange 
on the head is made from f' to ^^ less in 
thickness than flange on cylinder. I think 
smashing the piston wrecks the engine more 
than smashing the head, because you can 
make a wooden cylinder head do, but a 
wooden piston would not last long. 

A. The light head was advisedly recom- 
mended; for cDgines having late cut off be- 
cause it has less inertia, hence reverses more 
easily than a heavy head; it should be cheap- 
er to replace than a cylinder head; and the 
risk of the cylinder itself is something worth 
considering. It is a common thing in lo- 
comotive and stationary engines to have a 
heavy piston not only smash the cylinder- 
head but tear out part of the flange and 
wall of the cylinder proper. The narrow 
groove between joint and bolt holes is pro- 
bably for the purpose of laying in a copper 
wire, to make a tight metal joint, or letting 
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a rubber gasket fill in. The flange on the 
head should be thinner than that on the 
cylinder, to cause the head flange to break 
rather than the cylinder; and the piston head 
should be lighter than either. A wooden 
piston would run for a while as well as a 
wooden head; the greater the diameter, the 
more this is so: and the consequences of 
runnirg a wooden piston head are much less 
severe than those of blowing out a wooden 
cylinder head; particularly on shipboard, 
where there is more risk of scalding the 
engineers to death and causing a panic 
among passengers. A wooden head for the 
crank end of the cylinder would be difficult 
to get up and supply with stuffing box. 

The following communications on this 
subject appeared in Power for September 
1885. 

Messrs Editors: — ^In reference to the 
subject, (page 153, of Power, for August) 
of light piston heads vs. weak cylinder 
heads for quickness and cheapness of 
repair, in case of smashing by their coming 
together or getting water, nuts, etc., 
between them; — the question seems to be 
raised whether the cheapest of the two 
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parts named should not be made the weak- 
est, and enough so to be certain to break in 
case of any of the accidents alluded to, and 
to break easily enough and completely 
enough to save the piston from all damage. 
Unquestionably, it would be preferable 
that only one of the parts should be dam- 
aged rather than both, and also that the 
part broken should be the cheaper one. 
But unfortunately, the part most difficult 
to save by such means, n imely tho piston, 
is the most expensive one. If only water 
was to be provided for, it would be a mat- 
ter of no difficulty to make the parts of 
such relative strength that the heal would 
yield, but when a nut gets in it falls to the 
bottom and catches the piston where it is 
weakest and the head where it is the strong- 
est, and if the latter were made so weak 
that the rod would not even be bent it 
would not be strong enough to properly 
resist the working pressure, still less those 
occasional whacks on a little water that 
impose considerably more strain on the 
parts than that due to the steam pressure, 
yet far from enough to do any damage to 
parts made reasonably strong. But since 
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-water is by far the most frequent miscbief 
maker, it may be asked, why not provide 
for it ? To this it may be answered that 
unless the piston was made very massive 
and strong the degree of weakness ia the 
head necessary to iusiire its breakage 
would be such that tlie legitimate stress 
from steam pressure with the help of the 
frequent light water concussioEs that all 
engines are liable to, would be sufficient to 
gradually "fatigue" the metal of the heads, 
that is, to gradually weaken it, so that it 
would, in time, give out from ordinary ser- 
vice. To avoid this "fatigue" is the 
function of the "factor of safety," well 
known to constructing engineers, which is 
generally placed at about five times the 
estimated breaking strength. 

Still it may be said that given a piston 
with a factor of safety of, say tan, the head 
might have the required factor of safety of 
five aud still be certain to break easily 
enough to save the piston, which is proba- 
bly true. The difficulty in the way of 
obtaining the proper strength is that it 
would be almost impossible for the designer 
to determine it theoretically on paper, with 
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Bofficient accuracy. Every different size 
and design of engine would have to have 
several of its heads broken by hydraulic 
pressure, enough, in fact, to ascertain not 
only the proper strength for a given quality 
of iron, but also the margin of uncertainty, 
arising from the unavoidable variation in 
the strength of the iron used. 

A far better plan for such engines as 
contain distributing valves that will not 
yield to dangerous water pressures is to 
provide them with spring valves that will 
yield to a pressure slightly in excess of the 
TOftTinnnTn working pressure. Then neither 
piston nor cylinder head will be broken. 
J. W. Thompson, 
with Buckeye Engine Co. 

Salem, Ohio. 

Mr. Wm. Lee Church, M. E., formerly 
with the Buckeye Engine Co., and now of 
the firm of Westinghouse, Church, Kerr & 
Co., (Westinghouse and Reynolds-Corliss 
engines) says: — 

'^Personally I am of the opinion that less 
damage results in horijsontal double acting 
engines from breaking the piston than from 
breaking the cylinder head. The piston is 
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apt to break up into small pieces and the 
sabseqnent movements of the rod under 
the action of the fly wheel will not usually 
do any damage. If the piston is made so 
strong as to wreck the cylinder head it is 
sometimes apt to crack the cylinder itself 
under the flanges. This will almost assur- 
edly take place if the breakage occurs when 
the piston is moving towards the shaffc. 
With the Buckeye engine we used to habit- 
ually make the piston the breaking piece; 
with a single acting engine, however, like 
the Westinghouse, all danger of breakage 
is necessarily on the up stroke, and we 
therefore make our pistons very strong and 
weaken the head artificially by a pop-out 
ping." 

Mr. Wm. A. Harris takes the opposite 
view of the case; as may be seen by the fol- 
lowing: — 

Messrs. Editors: — In my judgment, it is 
preferable to have a weak cylinder head in 
preference to the piston head, as ia the lat- 
ter case, if the piston was wrecked it would 
cut the cylinder, and very likely destroy it, 
while if the cylinder head w is the weakest 
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and would give way, you wonld save yoni 
cylinder. 

Proyidenoe, B. L 

Q. Can any table be got up, showing tiie 
proportional average effeotiye pressure in 
engine cylinders, when the point of cut-off 
is given? 

A. No, because that varies with the clear* 
ance, the back pressure, etc., as wedl as 
with the point of cut-off, etc. Separate 
tables would have to be made for each 
clearance, for each initial pressure, and for 
each back pressure. 



Cutoff. 


Act. Bxp. 
Kate. 


Hyp. Log. 


AV. Tot. P. 

Above Vac. 


Term.Pres. 
Above \ac 


.10 


7. 


1.946 


0.2446 


0.1428 


.125 


6. 


1.792 


0.2990 


0.1667 


.16 


6.25 


1.668 


0.8487 


0.1905 


.90 


4.3 


1.485 


0.4870 


0.2881 


.85 


8.6 


1.258 


0.6183 


0.2857 


.80 


3. 


1.099 


0.6797 


0.8333 


.883 


2.741 


1.007 


0.6190 


0.8893 


.875 


2.470 


0.903 


0.6640 


0.4049 


.40 


2.333 


0.846 


0.6884 


a4286 


.6 


1.907 


0.646 


0.7725 


0.5^ 



The table above gives the actual ex- 
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pansion rate, and its hyperbolio logarithm, 
the proportion of average total pressure 
above vacumn, and absolute terminal pres- 
sures, to initial pressure above vacuum, for 
each of several points of out oflf, with S% 
clearance at each end (engine non-oondens- 

Q. Give full description of how you 
•would proceed to set up a Cowdrey four 
cylinder engine if every piece was separat- 
ed from the other. 

A. Take the pistons, insert the pitmans 
in them, and pass the pins into the holes 
in the piston heads, then place the steam 
ring on the piston and screw the caps down 
firmly; place the pistons in the cylinders, 
holding the topmost one in place, by shov- 
ing the pin, that holds the pitman, out a 
little, so that the pin extends over the top 
of the cylinder, and then shove the shaft 
into the inner bearing; then bring the 
inner ends of the pitmans to their seat on 
the crank pin, and place the rings around 
them and bolt them. Then place the 
lower half of the drum cover in position, 
and loosely fasten it, then the upper por- 
tion, and likewise fasten it, then bolt the 
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two halyes together, and then the whole 
coyer to the drum. Then place the round 
valve upon the pin that projects into the 
steam chest, and place the cover on and 
securely fasten it. If the engine is reversi- 
ble, place the reverse valve inside the rim 
or box, screw the lever on, place and bolt 
the cover, and after making the necessary 
connections to the boiler, set the oil cups 
to feeding properly, and the engine is 
ready to start. 

Q. In what position, relative to the main 
crank, should the valve crark be to work 
steam full stroke? 

A. At a right angle. 

Q. How would you increase the lap ? 

A. By turning the valve pin away from 
the crank pin. 

Q. How can the main, or roimd valve, 
be made to properly admit and release 
steam, if it has any lap? 

A. By setting the valve pin so that the 
outside and inside of the valve expose an 
equal portion of the opposite ports. 

Q. Why is it not necessary to fasten the 
pins that hold the pitmans in the piston 
heads? 
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A, Because the cylinders form guides 
and contain no openings which they must 
pass. 

Q. One Cowdrey four cylinder engine is 
equal, in area, to how many engines of the 
ordinary type with same bore and stroke, 
and taking steam on both ends ? 

A. Two. 

Q. Describe the valve, and how it is bal- 
anced. 

A. A disk with openings near its center, 
fitted with a steam packing ring, and en- 
closed on both its faces, and balanced by 
having steam on its circumference and 
there only. 

Q. Describe the Cowdrey reversing 
valve, and how it is balanced. 

A. A round ring fitted with a steam 
X^acking ring, and laid upon its side, and 
balanced by having steam only on the in- 
side. 

Q. State how the reverse valve produces 
a reverse motion of the Cowdrey engine. 

A. By opening the former steam chest to 
the exhaust, and carrying steam to the in- 
side of the valve, where it finds communi- 
cation with the opposite cylinder, 
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vhose piston is in mid stroke, checks its 
return to the end, or outside, of the cjlin* 
der, and sends it in the opposite direction. 

Q. Hov would you increase the com- 
pression on a Cowdrej engine without al- 
tering the lead ? 

A. By increasing the thickness of the 
metal on the inside of the val^re. 

Q. How would you increase the lead of 
a Cowdrey engine without altering the 
compression ? 

A. By reducing the circumference of the 
Talve. , 

Q. What is the Campbell exhaust con- 
denser or exhaust head? 

A. This device is intended for use with 
non-condensing engines as an exhaust-pipe 
head. It is intended to facilitate the con- 
densation of the steam by providing a con- 
densing chamber with an opening for the 
admission of air, so placed that the steam, 
when entering such chamber, will diaw 
cold air in with it, which air, Tningling with 
the steam, will cool it off and also cool the 
condensing surfaces, whereby the conden 
sation is greatly increased. Provision is 
made to collect and carry off the condensed 
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water witlioat escape tbroDgli the air inlet, 
thus depriving the steam of the moisture, 
and preventing the scattering of '^ater or 
moisture on roofs and neighborhood, 
which causes so much damage and often 
becomes a nuisance. It is stated to relieve 
back pressure, and to produce great saving 
of feed-water by returning it. It is 
claimed that the escaping steam is dry and 
almost noiseless. 

JAGEETINO. 

Q. Suppose that there was just as much 
condensation in a steam jacket as it pre- 
vented iQ the cylinder, what would be the 
benefit of the jacket ? 

A. It would increase the power, or 
* 'capacity, " of the engine. 

Q. What should be done with the "con- 
dense" from the steam jacket ? 

A. It should be returned to the boiler 
at once, while hot. 

Q. Do the pressure and temperature in 
the steam jacket vary during the stroke ? 

A. No. 

Q. How is the exhaust jacket applied in 
compound engines in the British navy? 

A. In the compound engine at present 
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BO largely employed in the BritiBli navy, 
the cylinders, outwardly, are the same 
diameter, but the high-pressure cylinder, 
as previously mentioned, is generally made 
about i less in area than the condensing 
cylinder. The space round the actual 
high-pressure cylinder is used to re- 
ceive its exhaust steam until the valve of 
condensing cylinder opens to admit it, as 
the pistons do not move simultaneously, 
owing to the cranks being at right angles 
to each other. 

FBESSUBES, TEMPEBATUBES, AG. 

Q. In what way is steam * 'elastic?" 

A. It is "elastic" when compressed, 
not when tlie volume of the vessel which 
contains it is increased. But it tends to 
act as a cushion spring if compressed. 

Q. What is meant by steam being 
"condensible"? 

A. It may be rapidly condensed 
(reduced to the form of water) by the 
sudden influence of a cooHng body as 
water or a cold metallic surface, or it will 
slowly return to that state if left to radiate 
heat to the air through the walls of a 
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cylinder or pipe without receiving an 
additional supply of heat. 

Q. What is dry steam? 

A. Dry steam is that in which there 
is no nneyaporated water, but which is no 
hptter than saturated steam, that is, no 
hotter than the boiling point corresponding 
to the pressure. 

Q. What is the difference between a 
gas and a yapor? 

A. A gas requires great pressure and 
very low temperature to reduce it to a 
liquid form; a vapor is liquefied at ordinary 
temperatures. 

Q. What then is a vapor? 

A. A vapor is any substance in the 
gaseous condition, at the greatest density 
consistent with that condition. 

Q. Is there an "absolute zero" of tem- 
perature? 

A. Beasoning fixes an * 'absolute zero'* 
of temperature at that point where gaseous 
elasticity disappears = 
-461.2'' Fahr. 
—274° Centigrade. 
—219.2*' Beaumur. 

Q. What is specific heat? 
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A. The specific heat of a bodj is itf 
capacity for heat; the quantity of heat 
required to raise its sensible temperature 
1^ F.» as compared with the amount 
required to raise an equal weight of water 
from 32* F, to 33" F. 

Q. What is a "heat unit"? 

A. A British ''heat unit" is the amount 
of heat required to raise one lb. of watez 
from 32° F. to 33° F. 

Q. Does it not take as much heat to 
raise one lb. of water from 32° F. to 33° 
F. as to raise it 1° at any other point of 
the scale? 

A. No. It takes 1\% more heat, for 
instance, to raise one lb. of water from 
212° F. to 213° F. than from 32° F. to 33° F. 

Q. Does the specific heat of other sub- 
stances than water Tary with the tempera- 
ture? 

A. The specific heat of all so called * 'per- 
manent gases'* is practically constant for all 
temperatures and densities; the capacity 
for heat of any one gas, is about the same 
at all f:emperatures. 

Q. Of what use are the "specific heats" 
of substances to us? 
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' A. By knowing the specific heats of 
their coi^stitnents we may calculate the 
heating power of fuels, &c. 

Q. Of what practical use is it to calcu- 
late the heating power of a fuel? 

A. By getting an average sample of any 
fuel analyzecl, the amount of steam at 200^ 
F. which a pound thereof should make from 
water at 212° under theoretically perfect con- 
ditions can I e calculated; and the amount 
of air needed, can be ascertained. Then 
the valve of one fuel 1 mnd, compared with 
that of another; and that necessary to per- 
fecfion of action of the boiler be found out. 

Q. What is latent heat? 

A. Latent heat is heat which has dis- 
appeared c r lies hidden. For instance, in 
evaporating one lb. of water at 212'' F. and 
under a pressure of one atmosphere=14:.7 
lbs., 966.1 heat units disappear become la- 
tent.* 

Q. Of what practical use is a knowl- 
edge of the latent heat of water? 

A. Among other applications I may 
mention reducing the evaporation-rate of a 
boilerto a standard from and at 212°. 

•Begnault. 
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Thus haying obtained the total heat ot 
evaporation at the actual temperatures of 
feed water and of steam, dividing that 
total heat by 966 gives a multiplier by 
which the weight of water actually evapo- 
ated by each pound of fuel is to be multi- 
plied to reduce it to the equivalent evapor- 
ation from and at 212°; that is, the weight 
cf water which would have been evaporated 
by each pound of fuel had the water been 
both supplied and evaporated at the boil- 
ing point, corresponding to the mean 
atmospheric pressure. 

Q. How much heat does it take to gen- 
erate one pound of steam? 

A. That depends on the temperature of 
the water and the pressure of the steam. 
The colder the water and the higher the 
pressure, the more heat required. To 
make a pound of steam at 212"* F.=100°C., 
from one pound of water at 32° r.=0° C, 
takes three separate lots of heat, as follows : 
(1) To raise the water from 32** F. = 0° 0. 
tc 212° F. =100 C, it take^ 180.9 heat 
units. (2) To make that water into steam 
at no pressure, S92.9 heat units; and (3) 
To raise that steam at no pressure to steam 
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at the atmospheric pressure of about 147 
lbs. per square inch above vacuum, 72.3 
heat units. Total, 1146.1 heat units, equal 
to 883,789 foot pounds of work. 

Q. Are all bodies expanded by heat? 

A. Yes, but in diflferent proportions. 

Q. How many kinds of expansion are 
there? 

A. Three directions in length, in 
breadth and in thickness; also three kinds; 
linear in one direction; superficial, in two 
directions, and cubical in three directions. 
Superficial expansion is almost exactly 
twice the linear expansion; cubical expanr 
sion is ahnost exactly three times the linear 
expansion. 

Q. How much does a hollow body expand ? 

A. A hollow body expands just as though 
it were a solid, having the same outside 
dimensions. 

Q. Is the expansion of solids uniform ? 

A. The expansion of solids betweea 32° 
F. and 212° F. is sensibly uniform. 

Q. What is the mo t expansible metal ? 

A, Zina 

Q. How much does wrought iron ei^ 
pand? 
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A. Wrought iron expands about \ or J 
per cent; (that is, from 1 in 700 to 1 in 800) 
when heated from 32° to 212° F. 

Q. How does heat affect the volume of 
water? 

A. Water on beirg heated from 30° to 
89.1 F. contracts; then expands until at 46° 
F. it has the same volume as at 32° F. ; then 
expands until 212°, the boiling point under 
one atmosphere; thence continues to expand 
as it id heated. 

Q. How much does water expand be- 
tween 82° R and 212° F.? 

A. Between 32° F. and 212° F. water 
expands .0465; that is, between^ and ^ its 
volume at 82° F. 

Q. Does the expansion of water take 
place at the same rate as the increase of 
temperature? 

A. The volume increases in a greater 
ratio than the temperature. 

Q. How con one find the densitj of 
water at a given tempeiature? 

A. To find the density of water at a 
given temperature, (approximately) : To the 
given temperature in degrees F., add 461, 
and divide the sum by 500. Again, divide 
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500 by that sum. Add the two quotients 
and divide 124.85 by their sum. 
Thus:— The density of water at 200'' F. 
200+461 661 

= — = 1.325; 

500 500 

500 500 

= = 0.7564; 



200-H61 661 

1.325+0.7564=2.0814; 
124.85-^2.0814=59.98= 
weight of one cubic foot, at 200"^, in pounds. 

Q. How can the volume of feed water to 
produce a given volume of steam, be as- 
certained? 

A. By adding 458 to the steam tempera- 
ture, multiplying the sum by 373 and 
dividiDg the product by the steam pressure 
in pounds per square inch. 

Q. How can we find the admission 
period requisite for an actual expansion 
rate? 

A. To get the required admission period 
for a given actual expansion rate— divide 
the length of stroke, plus clearance, by the 
actual expansion rate, and deduct the 
clearance from the quotient 

Thus an engine of 24"^ stroke, 5%(= 
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0.1 foot) clearance, would, to get an actual 
ezpansiofi rate of 4, have to cut off at 

2.10 

1 = .4225. 

4 

Q. What principle should be carried 
out in regard to designing and making pis- 
ton heads? 

A. ** The piston head should be deep 
enough to insure tightness, durability and 
good alignment, without being unduly 
heavy, ebpecially in vertical engines. It is 
a good plan to make it of two portions cast 
from the same pattern, but one haying 
turned on it a hub corresponding to a re- 
cess in the other. These two may be bored 
parallel, smaller than the rod, which is to 
be turned down parallel to fit the hole ac- 
curately, care being taken to leave no 
square pomer at the junction of the full- 
sized an4 the reduced portions. It is 
cheaper to bore parallel than to turn the rod 
taper and rean^ ft, taper hole. 

''The ring should breast larger than the 
head, three water groove^ turned in it, and 
a sufficient portion cut out dia^ppally to 
bring it down to the right diamet^^ "when 



Digitized by VjOOQIC 



Htbah Enginb Catbchish. 



165 



sprang in to the recess turned for it in the 
heskd." —Power. 

Q. Wliat is the] Lancaster & Tonge pis- 
ton? 

A. In this piston, a straight spiral spring, 
bent into a circle, forces the rings ont 
against the walls of the cylinder, and at the 




LANCASTER & TONGE PISTON PACKING. 

same time holds them firmly between the 
junk ring and the piston body. The pres- 
sure between the piston rings and the cyl- 
inder results from the natural elasticity of 
the spring and its effort to regain its natural 
shape, and does not depend upon the screw- 
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iBg down of the junk ring. There is claimed 
to be no danger of excessive friction being 
set up between the piston and the cylinder 
by careless adjustment. y 

Q. Where should the cross-head pin 
be? 

A. In the center of length of the slides, 
80 as to give straight thrust of these on the 
guides. 

Q. When does an engine "run over?" 

A. An engine **runs over" when^if you 
stand at the cylinder and look towards the 
fly wheel, the top of the fly wheel runs from 
you; and vice versd, 

Q. How should the crank be fastened to 
the shaft? 

A. It should be both pressed and keyed 
on. 

Q. What is the duty of the fly wheel? 

A. The duty of the fly wheel is to store 
up work during one stroke or portion of a 
stroke, and give it out to the crank during 
another period, when the demand is « 
greater. 

Q. What class of engines demands the 
heaviest fly wheels? 

A. The more irregular the work, the 
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lieaTier the fly wheel mtust be, to ensure 
safety to the engine and contmnance of the 
work. The more delicate the work, and the 
more exacting of regularity of speed, the 
greater the desirability of a heavy fly wheel, 
to ensnre even quality of the work. 

BolliDg mills, in which the work is very 
intermittent and irregular, come under the 
first head; and paper and flouring mills, 
cotton spinning factories, and ''dynamo" 
machines for electric lighting, come in the 
second class. 

Q. What rules are there as to the quan- 
tity of work to be stored up in the fly- 
wheel? 

A. Watt called for a storage of the work 
during 7^ strokes. Bourne says 6. 

Q. What may be said about centering 
and balancing the fly-wheel? 

A. The fly-wheel must be accurately 
centered and balanced, especially where it 
is a puUey-wheel driving smaller pulleys, at 
higher speeds, in which case its irregular- 
ity would be multiplied. 

Q. What limit may be assigned for fly- 
wheel speed ? 

A. One rule puts 80 feet of rim speed 
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per second, equals 4800 feet per minute, as 
the TnaTimnm rim speed for a fly-wheeL 
This would correspond to about 95 tarns 
per minute for a IGfootwheeL 

Q. What is the usual mean radius of 
the fly-wheel ? 

A. The usual mean radius of the fly- 
wheel is from three to five times the crank 
length (Bankine). 

Q. What may be said about fly-wheel 
pits? 

A. These should be provided with good 
drainage, as wet main-belts are not desira- 
ble. 

Q. Should fly-wheels be left unguarded ? 

A. No. They should be caged in to pre- 
vent accidents by men or materials being 
thrown against them, or getting in the pit. 

Q. Which need the the heaviest fly- 
wheels; automatic or throttling engines, and 
why? 

A. Automatic ecgines need the heaviest 
fly-wheels, fur a given rate of speed and 
average pressure, because the pressure in 
the cylinder during one stroke varies more 
than in throttling engines. 

Q. Which needs the heaviest fly-wheels, 



Digitized by VjOOQIC 



Btbah Engine Catechism. 169 

an engine which onto off early, or one which 
oats off late; and why ? 

A. The early cut off takes the heayiest 
fly-wheel for a given average presenre and 
given rate of speed, because the cylinder 
pressures vary more duiing a stroke. 

Q. If two engines have the same piston 
speed and one has double the number of 
revolutions the other one has, will they 
have the same tendency to shake ? 

A. No. The accelerating force will be 
twice as much in the former case; and the 
piston come to its maximum speed in half 
the time, and in doing it will move over 
only half the space. 

Q. How can an inverted vertical engine 
be balanced ? 

A. By using a supplementary steam bal- 
ance cylinder, above the main cylinder, to 
annihilate the dead weight.* 

Q. How may a marine engine be got 
offitscenter quickly and without danger? 

A. By havin g a V-grooved friction wheel 
on the shaft, and opposite to this placing 
a short straight block of iron grooved to 

* See paper of W. B, Durfee, Cleyeland meeting Am. 
SOC. M. K, 1883. ' 
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correspond. This block is connected to the 
piston of a short stroke steam cylinder and 
arranged so as to be made to move towards 
the friction wheel, and touch it, by an eocon- 
trio jonmal.* 

Q. What is the leverage of friction of a 
cylindrical journal ? 

A. The leverage of friction of a cylin- 
drical jonmal is the radius of the jouxnaL 

Q. How can horizontal stationary en- 
gines best be mounted for testing balance ? 

A. B. W. Payne & Sons, in testing the 
balance of a horizontal stationary engice, 
put the engine on rollers, cross-wise with 
the cylinder axis, and connected with it by a 
flexible steam pipe. There are few engines 
that will stand this sort of test, and few men 
who can bring any single cylinder engine 
up to the standard imposed thereby, of run- 
ning without traveling to and fro en the 
rollers. 

Q. How may the weight of a well pro- 
portioned engine be approximated ? 

A. By the cubic foot of cylinder. The 
following figures are from Haswell: — 

* J, F. naaawajf in a paper before the A. & M. S., 
July, 1888. 
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Q. How should bed-plates be leveled up? 

A. Bed-plates should be leveled up with 
sulphur, Portland cement, or lead, their val- 
ues for this purpose beizig in the order 
named. 

Q. How can grouting be got in large 
thin spaces between bed-plates and founda- 
tions? 

A. By using a stand-pipe through which 
the cemenfc is introduced. 

Q. How may holes be tapped square 
in cyliuder flanges ? 

A. To tap holes square in cyliader 
flanges, etc., it is best to have a gauge pieco 
composed of a flat piece of wrought iron 
having ab one end a hub which is bored 
true square with the flat end, and which has 
steel bushes or thimbles to fit different 
taps. A centering plug is employed where 
desirable, to set tho gauge piece over the 
center of the hole. 

WEIGHTS, DENSITIES, PAOTOBS, &C. 

Q. How much does a gallon of pure 
water weigh? 

A. One imperial gaUon of pure water at 
62° F. has a volume of 277.123 cubic inches 
and tlie weiglit of 10 lbs. But the British 
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act of 1825, often considered as in force 
yet, gives it 277.274 cnbic inches, and 
10.00545 lbs. 

Q. How much does one cubic foot of 
pure water wei^li? 

A. One cubic foot of water weighs at 

32° F= 0°0. 62.418 lbs. 

39.1 62.425. 

62° (Standard temp.) 62.355. 

212° r=100° 0. 59.640. 

• (D. JT. Clark.) 

Q. What is the pressure of a column of 
water 1 ft. high? 

A. A column of water at 62° F. and 1 
ft. hi2:h exerts a pressure of 0.433 lbs. per 
square inch on its base. 

Q. Whathelglit of water column exerts 
a pressure of 1 lb. per square inoh on its 
base? 

A. A column of pure water at 52° F. 
and 2.3093 ft. =27. 71 inches high, exerts a 
pressure of one pound per square inch on 
its base. Thus 50 lbs. per square i^ich 
would be exerted Ly a column of pure 
water 2.3093X50=115.465 ft. higli. 

Q. How much does 1 cubic foot of sea 
water weigh? 

A. One cubic foot of average sea wj.tei 
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atG2°F. weighs 64 lbs. or 40-39llis, or 
1026-lOOOths as much as fresh water. 35 
cubic ft. of sea water weigh 1 gross ton. 

Q. How much solid matter in sea water? 

A. Sea water contains 3.40 lbs. of solid 
matter in 103 lbs., that is, y^j^th part by 
weight. 

Q. What is the weight of 1 cubic foot of 
air? 

A. One cubic foot of air, tinder a pressure 
of 1 atmosphere or 14.7 lbs. per square inch, 
weighs at 32° F., .080728 ll)s=1.29 oz.= 
665.1 gr. At62°F. it weighs .076097 lbs. 
=1.217oz.=532.7gr. 

Q. One lb. per sq. inch is how many lbs. 
persq. ft.? 

A. O1.6 lb. per sq. inch is 144 11 s. per sq> 
foot. It is also 2.0355 inches of mercury at 
32° F. or 2.308 ft. of water at 52.3° F. 

Q. One lb. of fuel per hour per H. P.= 
how many foot pounds per lb. of fuel? 

A, One lb. of fuel per hour per H. P. 
is 1,980, 000 foot pounds per lb. of fuel, or 
2565 units of heat. 

Q. 1,000,000 ft. lbs. per lb. of fuel is 
how many lbs. of fuel per hour per H. P.f 

A. 1.98 lbs. 
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Q. Give the weighia and apecifio gravi* 
ties of the various materials used about a 
steam engine. 

wt. of Spectflo 

Hateilals. 1 cu. ft. Orav. 

Leadsheet 712 11.418 

Copper** 547 8.805 

Bronze: 

84C0p.l6tln 534 8.5« 

81 *^ 19 " 528 8.46 

Brasp, cast: 

7.3 cop. 25 zinc. Sheet 527 8.45 

66 ''^ 84 »* 618 8.8J 

Steel (least and greatest density)... -j ^ ^g^ 

Iron, wrought, least and greatest) 466 7.47 

density 1 487 7 808 

IroD, cast, least and greatest densl- / 378.25 6 9 

ty t 467.66 7.6 

Tin 462 7.409 

Zlnc,sheet 419 7.2 

** cast 428 6.86 

Limestone 178.9 258 

Granlte,gray 180 29 

Sandstone 130^15J 2.08-2.6 

Cone ete: 
Portland cement 1 to gravel 10. . . . 189 2.23 

P. cement], sand 2 127 2.04 

Mortar 109 1.76 

Bricks 124.7-135.8 2-2.17 

Brickwork 110-115 1.76-1.84 

Masonry, rubble 116.8-1434 1.85-2.3 

bulphur 124.7 2 

Coal, Anthracite 86.4-99.1 1.37-1.59 

♦» Bituminous 748-81.7 1.21.31 

" Caiinel 748 1.2 

Lignum vltsB 40.6-82.9 .65-1.33 

Oak, American red 54.2 .87 

Pine, American ; 21 0.34 

Charcoal (a v.) in powder 93 5 1.5 

** •* In SDL pieces, heaped 25.3 0.405 
India rubber, pure 58. 0.93 
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the stephenson link."' 

Q. With the Stephenson link motion, how 
may the lead and cut-off be equalled ? 

A. They cannot, with a circular curve in 
the link, be made the same for both ends of 
the cylinder, for all points of cut-off, and 
for both front and back gear. 

Q. What then is done in this connection ? 

A. The back gear is disregarded. 

Q. Can the lead and the cut-off be equal- 
ized for the forward gear alone ? 

A. No ; not for all points of cut-off, with 
the ordinary circular curve for the link. 

Q. What then is done in this connec-- 
tion? 

A. The points of cut-off are made the 
same for i gear forwards, because that is 
the position in which the link is most often 
used. 

Q. How may we change the times of ad- 
mission for the front and back ends of the 
cylinder most, in relation to each other ? 

A. By changing the position of the point 
of suspension on the links. 

* See also pages 84, 40, of this yolome ; and page 145 
of Part I. For other items on link motion, see pages 
84, 85, 87, 41, 44, of this yolnme. 
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Q. How may this be done ? 

A. By moying its point up and down, or 
vertically. 

Q. Where are the links generally sus- 
pended ? 

A. From a point about half way between 
the eccentric rod connections, and about i 
to } inch back of the centre line of the link 
slot. 

Q. Would there be any better point of 
suspension, as regards steam distribution ? 

A. Yes, about three inches above the 
centre. 

Q. Why not hang it there, then ? 

A. Because this would, upon a locomotive 
at least, necessitate a shorter link hanger; 
and this would be liable to be too much 
strained by the motion of the link. 

Q. How can you set a Stephenson cut-off 
80 as to cut off at seven feet stroke ? 

A. I cannot answer your question as to 
the link motion unless I know the arrange- 
ment of parts. If I had that and the di- 
mensions, or rather distance between all 
centres, I could calculate it for you and 
give you the answer. Failing that — if I 
had a rough sketch showing arrangement 
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of parts, I could give you a rule so you 
could fill in dimensions and calculate, or 
perhaps even so you could put the lever 
right at the point without calculation. 

Q. What is the forward or **out" stroke? 

A. That maae towards the crank. 

Q. How can you find the point of exact 
half-throw of the crank ? 

A. Square up from the crank centre, at 
right angles to the guides, or, if the engine 
be level, <* plumb" up from the crank 
centre. 

Q. How can you find the length of the 
connecting rod ? 

A. By putting the piston at mid-stroke 
and measuring from the centre of the cross« 
head pin to the centre of the shaft. 

Q. How do you tell the distance from the 
centre of the cross-head to the centre of the 
crank shaft ? 

A. When the piston is at half stroke, then 
the distance between these two points 
equals the length of the connecting rod. 
At any other point take from the length of 
the connecting rod the distance of the 
piston from the inside of the crank end of 
the cylinder, and add to this half the stroke. 
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Q. How would you find the length of the 
eccentric rod of a link motion ? 

A. Put the valve upon its half stroke, and 
measure from the centre of the eye to the 
centre of the shaft ; then take off half the 
shaft diameter, and the thickness of the 
strap under the foot of the rod. 

Q. In an oscillating engine, how can you 
tell whether the centre of the trunnions and 
the centre of the crank shaft be fair ? 

A. Turn the engine over and see that the 
crank pin brass is always the same distance 
from the cheek of the crank. 

THE ECCENTRIC* 

Q. How may the throw of an eccentric be 
measured ? 

A. Subtract the height of the low side 
from that of the high. Thus : — 18" eccentric, 
3" out of the centre, on a 6" shaft, has a 
3" low side, and a 9" high side; 9"— 3"= 6" 
= total throw, or double the eccentricity. 

Q. What will show when the eccentric 
has slipped ? 

A. If the engine runs, it will be noted 

~See also pages 26, 28, 84, 88, 89, 40, 41, 109, 110, 122, 
128, of this Yolame ; and pages 86, 46, 55, 106, 146, 168, 
ofPartL 
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that the exhausts from the crank and out 
ends are not the same. 

Q. If the forward-motion eccentric broke, 
could the engine be worked ? 

A. Tes; by slinging the backing eccen- 
tric in place; but in that case the engine 
could not be run in the backing motion. 

Q. What is a loose eccentric ? 

A. One having balance weights and stops, 
used for reversing engines not having regu- 
lar reversing gear. 

Q. How is an engine reversed that has a 
loose eccentric ? 

A. The eccentric rods are thrown out of 
gear, and the slide valve put by hand in 
mid-travel ; then the valve is worked by 
hand in the direction to reverse the engine ; 
the eccentrics do not turn until the stops 
get against them; then the eccentric rods 
are thrown in again. 

MEA8URIKO, SQUARING, KTC. 

Q. What should be done, when a marine 
engine is set up, to facilitate setting the cut- 
off for any given point ? 

A. It should have prick-punch marks 
made on the valve stem or some other mov- 
ing part of the valve gear, shQwing when 
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the valve is *^ line and line " at each end^ 
just about to admit steam ; also similar 
marks as to cut-ofE, exhaust release, and 
cushion, where there is cushion. 

Then the course of the cross-head can be 
very readily laid down on the guides, and, 
the piston being held at seven feet stroke, 
or wherever you wanted to cut off, the valve 
gear could be put at that notch or clamped 
at that place, which will bring the ^* cut- 
off" witness-mark right for cutting off. 
The quadrant should then be marked, so 
that you can get the place the next time 
without delay or trouble. 

Q. What about equalizing the cut-off in 
marine or other engines having link motion ? 

A. With most gears, if you cut off at 
seven feet, or any point on one end, you 
will cut off earlier or later on the other, un- 
less you sacrifice equality of lead. Gen- 
erally if you get the cut-offs ** squared " for 
one point of cut-off, the engine will cut off 
unevenly with any other grade of expan- 
sion. 

Q. When should the work of marking 
and setting be done ? 

A. While the engine is hot all through; 
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ms an engine set cold will not perform the 
same when hot. 

THE SLIDE VALVE.* 

Q. What are the recesses in a valve seat 
for? 

A. Partly to prevent the valve wearing 
convex so soon, but more especially to pre- 




LAPLESS VALVE AND RECESSED SEAT. 

"^See also pages 23, 81, 82, 108, 110, 111, 118, 122, 131, 
166, of this Yoluiie ; and pages 81, 82, 38, 71, 164, 174, of 
Parti. 
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vent a shoulder being worn by the steam 
edge of the valve. 

Q. How far from the steam edges of the 
ports should they be ? 

A. Close enough to the outer edges of the 
end ports to just let the steam edges of the 
valves pass them ; then there can be no dan- 
ger of shoulders wearing on the seat. 

Q. Can a slide valve be absolutely lap- 
less? 

A. No; there must of course be enough 
lap to make a steam-tight ^*seal" at each 
end when the valve is at mid-position, 
otherwise the engine would soon **blow 
through." 

Q. Which is the worse, too tight a piston 
packing or too loose ? and why ? 

A. Too tight ; because there is danger of 
cutting the cylinders. 

Q. What changes take place in the lead 
of an inverted vertical engine, as it wears ? 

A. The top lead increases, and the bot- 
tom lead decreases. 

Q. Where a slide valve has variable 
travel, how is it likely to wear ? 

A. The valve is liable to wear convex. 

Q. If the amount of lap that an ordinary 
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slide valve has, be altered, should there be 
any other change ? If so, in what ? 

A. Tes; the position of the eccentric 
should be changed. 

Q. What should this change be in case 
some of the lap was cut off ? 

A. The eccentric should have less angular 
advance ; that is, it should be turned upon 
the shaft in the opposite direction to its 
regular forward motion, until the steam 
edge of the valve has just the desired 
amount of lineal lead when the crank is 
upon the centre. 

Q. What would be one great objection to 
a slide valve without lap, outside of the 
question of economy ? 

A. Danger of the engine sticking upon 
the centre, if it were a marine engine. 

Q. ** How much lap is required for a slide 
valve having 3i" travel, to cut off at } stroke 
of piston ? " 

A. If there is no lead, -J J inch. 

Q. Why is it that most types of automatic 
cut-off engines cannot cut off later than | 
or i stroke as a maximum ? 

A. Where there is a main valve and a rid- 
ing cut-off valve, the main valve usually has 
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steam lap proportioned to cut off at some 
definite point, if the cut-off valve does not 
effect cut-off sooner; and when the cut-off 
is by a ** release gear/' the valve has lap 
which will cause cut-off at some stated point 
if the trip does not operate before that 
time. With most release gears the gov- 
ernor can only cause cut-off while the valve 
is opening ; and this is generally during 
less than half the stroke. 

Q. "Do you recommend inside lap on an 
engine running at one hundred revolutions 
or more per minute ? " 

A. "100 or more turns" means 100 or 
1,000, or almost anything, and the piston 
speed has an influence also. The amount of 
inside lap depends on too many things to be 
answered in general. Where there is con- 
siderable lead there may be no need of inside 
lap at even quite high speeds. 

The Steam Engine Catechism, Part I., 
gives considerable information as regards 
the influence of inside lap, pages 37, 49, 51, 
52, 53, 64; concerning lead, pages 41, 43, 
51, 55, 125; port area, page 114; clearance, 
28, 66, 81, 83. 

Q. Can the D form of valve having no 
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outside lap, employed in automatic engines, 
work successfully ? 

A. The D valve without outside lap can- 
not cut off nor work successfully unless 
helped by a riding cut-off valve, or by some 
other independent cut-off attachment, suck 
as the "Tremper" rig. Of course with a 
good throttling governor it would work as 
automatically as any throttling engine ; but 
not economically. 

In fact, if the engine was overloaded, a 
lapless D valve with a good throttling gov- 
ernor would work more automatically than 
if it had lap, and had to cut off whether or 
not it was necessary. But it would not, of 
course, work economically without expansion. 

Q. In what case is an Allen valve the 
most efficient ? 

A. Where the valve travel is very short, 
and the point of cut-off very early. 

Q. '*Is not more power used up in wimj- 
ing double valves, than is saved in steam by 
the short feed ports ? " 

A. The amount of power required to move 
slide valves, either single or double, is 
almost an absolutely unknown quantity, and 
it would be doubly difficult to compare the 
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amount of steam needed to overcome it, 
with such a variable quantity as the amount 
wasted in tlie clearance spaces, as this last 
depends on the amount of cushion on other 
things. 

Q. ** Why do many engine builders who 
make double-valve engines, make the ex- 
haust ports BO narrow ? I contend that the 
exhaust ports on all engines using the D 
valve, whether single or double, should be 
twice the width of feed ports, and if a trifle 
over would do no harm." 

A. Most exhaust ports are too narrow, on 
all classes of engines ; double the area of the 
admission ports would be best for any en- 
gine ; of course counting the amount of area 
uncovered. If, however, the exhaust ports 
are large enough to run the engine without 
back pressure, at highest pressure, latest cut- 
off and greatest speed, without exhaust re- 
lease, there is no harm in having the steam 
ports still larger, particularly where, as with 
double ported engines (i.e., those having 
one admission port at each end), the passages 
are so short that a large cross section of 
port and passage does not give excessive 
cushion. Engines with early cut-off need 
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all the chance that they can get to get the 
steam in ; particularly if they have what is 
erroneously called ** negative lead." 




Q. What are the Stevens valves ? 
A. One variety thereof is very clearly 
shown in two positions in the annexed cuts. 
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and the action of the steam edges, both in- 
ternal and external, may very readily be ana- 
lyzed by marking a card to correspond with 
the valve, and moving it to and fro over the 
seat. In another style the valves have two 
passages through them; one for admitting 
and one for exhausting steam to and from 
the cylinder ; the steam is also admitted and 
exhausted in the usual way. (These valves 
are upon the Wilson principle.) Another 
is shown in the cuts here given. ., This re- 
sembles somewhat the Allen valve, with this 
difference — steam is admitted and exhausted 
to and from the cylinder through the same 
passage. This valve also takes steam and 
exhausts in the usual way, so that the steam 
is got into the cylinder doubly and ex- 
hausted doubly. 

Q. A cylinder port is 18 inches long, 2i 
inches wide ; the steam lap of the valve is 1 
inch, and its travel inches. What is the 
greatest area that the valve is open for steam? 

A. One-half travel, 3 inches; from this 
take the lap, 1 inch ; we have left 2 inches, 
which is the amount open to steam ; this, 
multiplied by the port length, 18 inches, 
gives 36 square inches. 
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Q. How do you find the greatest area that 
a slide valve is open for steam ? 

A. Take the steam lap from i the actual 
travel ; multiply that by the length of the port- 

Q. How can you tell the amount that the 
exhaust port of a common slide valve is 
open when the piston is at stroke end ? 

A. Add the steam lap to the lead ; take 
from this the exhaust lap. 

Q. What is the general rule for uncovered 
port area ? 

A. Port area uncovered should at various 
portions of the stroke be proportioned to 
piston velocity at that portion of the stroke. 

Q. What should be the steam port area ? 

A. D. K. Clark gives as the requisite 
steam port area, for 600 feet piston speed 
per minute, ^ the piston area; and for 
other piston speeds in proportion. This 
gives us the table on next page of steam 
port areas for various piston speeds and 
diameters. 

This table can easily be expressed graphic- 
ally. 

Q. How may the various amounts of port 
opening with the ordinary slide valve in 
different positions be most easily studied ? 
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Piston Speed, Feet per Minnte. 


s^ 












•,s 


600 


600 


700 


800 


1000 


& 


5 


.0638 


.10 


.11067 


.13333 


.16007 


10 


78.54 


6.56 


7.85 


9.16 


10.47 


13.1 


12 


118.097 


9.48 


11.81 


18.20 


15.07 


18.85 


14 


1S3.988 


12.88 


15.39 


17.96 


20.52 


25.75 


16 


201.062 


16.76 


20.11 


28.46 


26.81 


33.51 


18 


226 980 


18.92 


22.70 


26.49 


. 30 26 


87.88 


20 


314.16 


26.18 


31.42 


86.66 


41.89 


52.36 


24 


462.39 


37.69 


45.24 


52.78 


60.32 


75.40 


80 


706.86 


68.91 


70.69 


82.49 


94.25 


117.81 


86 


1017.87 


81.82 


101.79 


118.79 


135.71 


160.65 


42 


1885.44 


115.45 


188.54 


161.68 


184.72 230.91 


48 


1809.56 


150.79 


180.96 


211.12 


241.27 


301.60 


60 


2827.44 


235.62 


282:74 


832.96 


376.98 


480.12 


72 


4071.51 


389.29 


40?. 15 


476.02 


642.85 


678.60 



A. By marking the seat and ports to 
scale on the top edge of one straight strip 
of pasteboard or wood, and the valve face 
on the bottom edge of another strip, mark- 
ing the centre of each, and on the seat the 
points of extreme throw of the valve, and 
then noting how much each port is opened 
or closed at each position of the valve. 

Q. If the length (or width) of the lips of 
a slide valve is not given, how is it ciphered 
out from the other dimensions ? 

A. Add the two laps to the steam port 
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width. Thus : If a valve has J inch outside 
lap and i inch inside lap, and the steam port 
is li inches, the lips (or *'legs," as some 
call them) are li + J + i = 2^ inches each. 

Q. How can you get the length of the arch 
of a slide valve when you cannot get at it to 
measure it ? 

A. Add to the width of exhaust port the 
width of the two bridges, and subtract the 
width of the two inside laps. Thus : Sup- 
pose exhaust port 2i inches ; bridges, each, 
H inches; inside lap i inch at each end; 
then the arch is 2^ + li+ li — i = 4i inches. 

Q. Please state the proper proportions 
used by standard builders for the slide valves 
of a 19 X 24 passenger locomotive for high 
speed. 

A. I have not at hand many figures for a 
19 X 24 ; but suppose that these, taken from 
Cooke engines on the D., L. & W. R. R. 
coal-burning engines, would answer: 

Steam ports li" each 

Bridges if' " 

Exhaust port 2i" 

Valve arch 4|" 

Steam lap I" each end. 

Exhaust lap none. 

I would recommend ^ inch exhaust lap 
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each side, wliich would bring the valve arch 
down to 4i^ inches. I would make the 
ports at least 18" long. 

Q. What should be the travel of a lapless 
valve ? 

A. A lapless valve should have for travel 
double the steam port width. 

Q. What should be the travel of a lapped 
valve ? 

A. A lapped valve should have for travel 
at least twice the sum of the widths of leg 
and of steam port. 

Q. What effect on the cut-off has increas- 
ing the travel ? 

A. Increasing the travel very slightly re- 
tards the cut-off. 

Q. What is ** over-travelling" ? 

A. Over-travelling is where the steam 
edge of the valve passes the end port and 
travels over on to the bar or bridge. 

Q. What is the effect of having so little 
travel as to open the steam port only part 
way? 

A. If the travel is so short as to only par- 
tially uncover the steam port, the steam is 
apt to be wire-drawn, at least at high piston 
speeds. 
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Q. Does a plain D slide valve move with 
the piston of a steam engine, or against its 
motion ? 

A. It does both. 

Q. When the piston is at the back end of 
the cylinder, where is the valve, supposing 
that there is no rocker arm and that the en- 
gine has not negative lead ? 

A. It has moved quite a little distance 
forward, so that the back steam edge of the 
valve is just uncovering the back edge of 
the back steam port. 

Q. When the piston has got well toward 
the centre of its stroke, what is the valve's 
action ? 

A. It commences to move in the opposite 
direction to the piston. 

Q. When the piston is very nearly at 
front stroke end, where is the valve ? 

A. It has commenced to open the front 
port for the purpose of admitting steam to 
the front of the piston. 

Q. Up to the end of the stroke, how does 
the valve run ? 

A. In the opposite direction to the piston. 

Q. When the piston reverses to go on the 
back stroke, what is the valve movement ? 
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A. They travel in the same direction 
(backwards) until the valre has made its 
full back stroke. 

Q. What then ? 

A. The valve reverses and goes forward, 
running forward until the piston is at back 
stroke (engine on back centre). 

Q. What next ? 

A. The piston reverses and runs the same 
way as the valve, as on the preceding for- 
ward stroke. 

Q. Lay this down for a 12" stroke engine. 



PISTON RXJHNING POBWABD. 


VALTB RUNNING. 


Distance travelled 0" 


Forward. 


3 


(Still.) 


6 


Backward. 


9 


u 


13 


i( 


PISTON RUinnNG BAOKWABD. 




Distance travelled 0" 


Backward. 


8 


(Still.) 


6 


Forward. 


9 


(( 


12 


ti 



Q. How may you note the actual and rela- 
tive motions of piston and valve ? 
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A. By watching the rods. 

Q. Why should every engineer do this ? 

A. Because some motions open the valve 
suddenly and close it suddenly, and some 
open and close too leisurely. 

Q. Does the steam chest always contain 
live steam ? 

A. The steam chest in the "Buckeye'' 
engine contains exhaust steam only. 

Q. Is an absolutely balanced valve desir- 
able ? 

A. There are many who claim that an ab- 
solutely balanced valve would not be desir- 
able, because enough friction to keep the 
surfaces bright and prevent corrosion from 
starting leakage is necessary. 

Q. What is the rule ordinarily given for 
the pressure which tends to force a slide 
valve to its seat ? 

A. Add the area of one steam port to the 
area of the valve port, and multiply these by 
the mean effective pressure per square inch. 

Q. Does the pressure in the steam chest 
(tending to press an unbalanced slide valve 
to its seat) vary during the stroke ? If so, 
why? 

A. ' ' Steam chest diagrams, " taken by the 
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indicator, show that where the chest is 
small and the supply pipes insufficient in 
carrying capacity, the pressure in the chest, 
tending to press the valve to its seat, is least 
during the period when the cylinder is tak- 
ing steam ; say, during about the first and 
fifth half quadrants of crank position of the 
average automatic cut-oS engine, cutting o£E 
at one-fifth to one-fourth stroke when prop- 
erly loaded. 

Q. Does the pressure under a slide valve 
(tending to lift a slide valve from its seat, 
if it is free to move) vary' during the piston 
stroke ? If so, why ? 

A. The pressure under a slide valve, tend- 
ing to lift it from its seat, being simply that 
exerted upon it through the end ports and 
exhaust ports, of course varies greatly dur- 
ing the stroke. Just what are these upward 
pressures per square inch, at various posi- 
tions of piston, is easy to determine; but 
what are the valve areas thus exposed to 
upward pressure, is much more difficult to 
analyze, owing to the fact that the valve is 
shifting, and that its speed and direction, 
compared with those of the piston, are con- 
stantly changing. 
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In Part I. wfll be found a very copious Index ref errinff 
to the four hundred questions answered therein ; ana 
that Index should be consulted at the same time as this 
one, no matter what the subject ; as there are few topics 
relating to the steam engine which are not discussed in 
both volumes or parts. 

[In looking for any subject having more than one 
word, look first for what appears to you to be the prin- 
cipal word, and if you do not find it under the initial 
letter of that word, try under that of the other.] 

A. 

FAOB 

Absolute pressure in steam-cylinder 11, 12 

Absolute zero of temperature 157 

Actual expansion rate 52 

Actual expansion rate in compound engines 54 

Actual horse-power 86 

Adjustable cut-ofE 9 

Admission Ill 

Admission— period required for a given actual ex- 
pansion rate 18 

Admission, volume of steam during 15 

Advance, angular 185 

Advance, angular, at mid-gear : 39 

Advantages of small engines 82 

Air-pump 100 

Air-pump jet condenser 101 

Air space lagging 84 

Air, velocity of 100 

Air, weight of 99, 175 

Air, pressure of 175 

Alignment 126 

Allen valve 31, 187 

Allen valve, casting a 31 

Allen valve, designing 30 

Allen valve, saving of fuel by 31 

Angular advance 33, 185 

Angular advance, at mid-gear 39 

Arch 198 

Area of cylinders in compound engines 50, 51 
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PAGB 

Area of steam- port Ill 

Area, Port 113 

Areas of pistons 51 

Arm, rocker {see Rocker arm). 

Atlas engine 104 

Atmosphere (fiee Air). 

Automatic engines 168, 185 

Automatic governors 68 

Average pressure 27 

Average total pressure 12 

B. 

Back pressure 12, 22 

Balanced cylinders, supplementary 169 

Balanced slide-valves, disadvantage of 82 

Balanced slide-valve, Tlpping's 32 

Balanced valve 197 

Balancing 169,170 

Balancing fly-wheels 167 

Beam-engines 110 

Bearings, cooling when hot 141 

Bearings, heating of 128, 140 

Bed-plates, grouting 173 

Black lead {see also Plumbago, Graphite). 

Blacklead 128 

Boiler and initial pressure 21 

Boston <fc Albany R. R., tests on 31 

Boxes, stuffing {see Stuffing boxes). 

Brake '. . . . 91 

Brasses, half round 131 

Bridges, width of 29 

Bright work 129 

Bright work, protection of 128 

Broken eccentric 181 

Brown gear 43 

Buckeye engines 197 

Buyingan engine 68 

C. 

Capacity *. 155 

Capacity of cylinder 19 

Capacity of engine 85 

Cards, indicator {see Indicator diagrams). 
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PACK 

Care and use of engines 122 

Carriaee, steam 34 

Can. oil 140 

Casting AJleli valves 30 

Center^ sticking upon 185 

Ceiitenng lly-wneels 167 

Centers 124, 169 

Centrifugal governors 62 

Centrifugal governor?, objections to 6*2 

Chest, steam 109, 118, 130 

Cheval vaneur 88 

Church, W.L 148 

Clearance affecting expansion rate 54 

Clearance, effect of 70, 74, 73 

Clearance, reckoning 10 

Clearance, waste by 79 

Compactness 102 

Compound condensing engine, advanti^es of 45 

Compound condensing engine, power of 45 

Compound engines 48, 45, 53. 117, 156 

Compound engines, relative areas of cylinders in, 

49,50,51 

Compression 24, 80 

Compression, amount for economy 81 

Compression, equalizing 88 

Compression, saving by 80 

Compression table 81 

Condenser 99 

Condenser, exhaust 154 

Condenser, exhaust indnctioii 101 

Condenser, surface 101 

Condenser, syphon 101 

Condenser, vacuum by 13 

Condenserj value of 13 

Condensation in cylinder 82, 84 

Condensation water 155 

Condensing engines, compound, power of 45 

Conical pendulum governor, circle det'cribed by 65 

Conical pendulum governor, revolutions 65 

Conical valves 108 

Connecting-rod 117,124 

Connecting-rod brass 124 

Connecting-rods, ends 181 

Connecting-rod, fasi'ening 185 

Connecting-rod, length 179 
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TAOm 

Construction 107 

Cooke locomotives 193 

Cooling hot bearings 143 

Corliss engines 108 

Corliss valve gear 123 

Cowdrey engine, setting 151 

Cowdrey engines 151 

Crank 179 

Crank-pin 128, 1*25 

Crankpin diameter 113 

Crank-pin heating 131 

Crank-pin length 113, 114 

Crank-pins, ouins: 141,148 

Crank-pins, putting in 132 

Crank-shaft 123 

Cranks, cast 131 

Cranks, fastening to the shaft 166 

Cross-head 135 

Cross-head, heavy 132 

Cross-head pin 134 

Cross-head-pin, position of 166, 179 

Cushion (see Compression). 

Cut-off 13, 24, 84, 124, 182, 185, l»r, 194 

Cut-off, adjustable, advantaeee of 9 

Cut-off, early, diaadvantages of : 10 

Cat-off, expansion rate for 14 

Cut-off, disadvantages of too early 10 

Cut-off, early 76,187 

Cat-off, early, in Jocomotives 9 

Cut-off, early, in marine engines 10 

Cut-off, equalizing 27, 35 

Cut-off, for given amount of work 13 

Cut-off, inequality neutralized 39 

Cut-off, in Vf rtical engines 10 

Cut-off, point of 13 

Cutofl.riding 185 

Cut-ofS, Tremper 187 

Cuts-ofl, varying 88 

Cut-off w. throttle 84 

Cutting cylinders.. .^ 182 

Cylinders, area of, m compound engines 49 

Cylinder areas, rule for, in compound engines, 

146, 147, 148 

Cylinder capacity 12,19 

Cylinder capacity, rule for 19,90 
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PAGE 

Cylinder condensation 82, 84 

Cylinder cutting 122 

Cylinder flanges, tapping 173 

Cylinder heads, wooden 144 

Cylinder oiling 142 

Cylinder oils 142 

Cylinder oils, testing 143 

Cylinder, pressure in, rule for .... 11 

Cylinder, required area of, in compound engines . .50, 51 

Oj^linder, steam, pressure in 11 

Cylinders, power of 50 

Cylinders, radiation from 60 

Cylinders, supplementary, balanced 169 

Cylinders, unjacketed 60 

D. 

Dead center 134 

Deadening the exhaust 131 

Densities 173 

Density of water 162 

Design 107 

Designing Allen valve 30 

Designing piston-heads 137 

Diagrams from steam chest 197 

Diagrams, indicator (s^e Indicator diagrams). 
Diameti'rs (look under heads "Crank-pin," etc.). 

Dodd valve motion 33 

Dodd valve motion, objections to 34 

Double valves 187 

Draught in engine-room 84 

Drj'iiess of steam 59, 60, 157 

Dryness of steam, Zeuner^s experiments 61 

Duty (see also Economy) 66, 102 

D valve (see Slide-valve). 

Dynamometer 91 

E. 

Early cut-off 187 

Eccentric 109, 110, 180, 181 

Eccentric, adjustable 28 

Eccentric, angular advance of 88 

Eccentric, affecting position of piston 39 
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Bccentiic, broken 181 

Eccentric center, position of in reversing 28 

Eccentric, loose ... 181 

Eccentric, loose, position of 41 

Eccentric position 18B 

Eccentric-rods, attaching 88 

Eccentric-rods, correct length 26 

Eccentric -rods, crossed 38 

Eccentric-rods, uncrossed 88, 40 

Eccentric-rods, curved 36 

Eccentric-rod, obliquity of 39 

Eccentric-rod, length 180 

Eccentric, rule for correct length 26 

Eccentric slip 180 

Eccentric-straps, heating of 128 

Eccentrics, double 122 

Eccentrics, fixed 84 

Eccentrics, movable 84 

Economy 81, 102, 185 

Economy, effected b)r lap 78 

Economy in locomotives 9 

Economy in steam 76 

Economy of engine 66,67 

Economy of eztiaust, rules for 82 

Economy of small ports 78 

Efficiency of steam 67 

Efficiency, to reckon 67 

Electric-light machines 91 

Engine {see also under various sub-heads). 

Engine, perfect 70 

Engine rating 66, 68 

Engine-room, draught in 84 

Engine, work done by 68 

Equalization of cut-off 27, 86, 177, 182 

Equalizing admission 177 

Equalizing compression 88 

Equalizing exhaust 24 

Equalizing lead 177 

Erection 107 

Excentric {nee Eccentric). 

Exhaust, at mid-gear 89 

Exhaust closure, equalization 88 

Exhaust condensers 154 

Exhaust,, deadening 181 

Exhaust, effect of reversing upon SM 
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PAGE 

Ezhanst, eqnalizing 24 

Exhaust-lap Ill 

ExbaQBt-iap, benefit of 79 

Exliaust-lead 110 

Exhaust opeoing 197 

Exhaust-pipe 130 

Bxhaust-pipe heads 154 

Exhaust-port 118, 188 

Exhaust pre-release 83 

Exhaust release, economy of 88 

Exhaust-steam induction condenser 101 

Exhaust steam, temperature of 22 

Exhaust, waste by 84 

Expansion, affected by clearance. 54 

Expansion and vacuum 72, 78 

Expansion, extent of 68,69 

Expansion in receiver engines 56 

Expansion, insufficient, causing waste 68 

Expansion, intermediate 53 

Expansion of steam 20, 161 

Expansion of water 162 

Expansion rate 52, 53, 54, 168 

Expansion rate, actual 52 

Expansion rate, admission for required 18 

Expant>ion rate for different points of cut-off 14 

Expansion rate, hyperbolic logarithm of 14 

Expansion rate in Woolf engines 53, 54, 66 

Expansion rate— period of steam admission for a 

given rate 18 

Expansion rate, nile for 18, 54, 56 

Expansion, rule for total work during 15 

Expansion, value of 69 

Expansion, work done during 1 15 

External radiation 109 



F. 

Factor of hone-power 88 

Factors 173 

Fast running engines 186 

Feed-water, volume of 163 

Fitchburg S. E. Co 106 

Flanges, cylinder, tapping holes in 173 

Flour-mill engines .,,,,. 104 
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Fly-wheel velocity 138 

Fly-wheel weight 114 

Fiy-wheels 114, 115, 116, 166, 168 

Bly-wheelB, balancing 167 

Fly-wheel*, centering 107 

Follower speed 134 

Foot pounds in fuel 175 

Force ds cheval ., ^ ,86 

Formulae for horse-power .*. .85, 86, 90, 91 

Friction 112, 114,118,122 

Friction of engine 84 

Friction of Journals 170 

Friction of steam pipes 21 

Fuel, foot pounds m 175 

Fuel, heating power of 159 

Fuel, saving by Allen valve « . . . 81 

Fuel, waste by exhaust 88 

G. 

Gain by high initial pressure 77 

Gases 157 

Gear 123 

Gear, Brown 48 

Gear, Joy 43 

Gear,mid, openingat 29 

Gear position, change of 36 

Getting upon the center 169 

Gooch, Daniel 85 

Governor, centrifugal speed 62 

Governor, conical pendulum 65 

Governor, conical, revolutions of 60 

Governor, theoretical . 63 

Governors 62 

Governors, automatic 62 

Governors, centrifugal 15,62 

Graphite 128 

Gravity, specific, of materials 176 

Gridiron valves 122 

Grinding slide-valves HI 

Gross horse-power .* 8?, 90 

Grouting bed-plates 173 

Guides, lining of 128 

Guides, oiling , 141 

Guides, wear of , 181 
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Half-throw 189 

Hanger, len^h of 86 

Harlan & HoUingsworth Co 103 

Harris, W. A 149 

Hartford engine 90 

Heads, piston {see Piston-heads). 

Heat, latent, of water 169 

Heat, specific 157, 158 

Heat units 158 

Heating of bearings 128, 140 

Heating of crank-pin 131 

Heating of eccentric-straps 128 

Heating power of fuels 169 

Hemenway, F. F 106 

High pressure 126 

High pressure, economv in 76 

High pressure, proof of economy of 97 

High-pressure* steam in locomotive practice 9 

High-speed engines llo, 198 

Him's experiments for dryness of steam. 61 

Holes, tapping in cylinder flanges 178 

Horizontal engines 114, 118, 136 

Horizontal stationary engines 170 

Homblower, Jonathan A 47 

Horse-power .' 85 

Horse- power, actual 88 

Horse-power, constant .. 90 

Horse-power, factor of 88 

Horse-power formula 91 

Horse-power, gross 87 

Horse- power, nominal 86 

Horse-power, rule for gross and net 90 

Howe,A 84 

Hyperbolic logarithm 91 

I. 

Indicating 130 

Indicator 91 

Indicator cards (see Indicator diagrams). 

Indicator diagrams 12»r, 129 

Induction condenser, exhaust-steam 101 

initial pressuie, economy in high 76 
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Initial pressure, gain by 77 

Initial pressure, rule for 16, 17 

Inside lap {see Lap, exhaust). 

Inverted .vertical engines 106, 169, 184 

J. 

Jacketing 156 

Jacketing cylinders 60 

James, W. T., steam-carriage 34 

Jarring 134 

Journals 170 

Journals, friction of 170 

Joy valve-gear 48, 43, 44 

K. 

Keys 166 

Keying eccentric 109 

Kilogrammeter 117 

L. 

Lagging 109 

Lajrging, air-space 84 

Lancaster and Tonge piston 165 

Lap 186 

Lap as effecting economy 98 

Lap, excessive 24 

Lap, exhaust 78, 79, 1 11, 186 

Lap, exhaust, varying 88 

Lap for different types of engines 24 

Lap, gain by 71 

Lap in reversing 27 

Lap, inside («e6 Lap, exhaust). 

Lapless valve 183, 184, 187, 194 

Lapped valve 193 

Latent heat of water 159 

Law of governors 64 

Lead 24,25,40, 109, 110,184 

Lead, constant 86 

Lead, exhaust 110 

Lead, opening at mid-gear 29 

Lead, to reckon S9 

Lead, unequal 27 
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Lead, VAriation of..,, 41 

Leveling bed-plates 178 

Lime and tallow 129 

Lining up gnides.s 128 

Link action {see Link motion). 

Link, Allen : 84 

Link-block, slip of 87 

Link, disadvantages of suspending 85 

Link, length of 41 

Link motion, crossed rods 44 

Link motion, ancro8t<ed rods 41 

Link motions 1 34, 87, 182 

Link motions, advantages of 85 

Links, shifting 81 

Link-slot, length of 41 

Link, Stevenson 84, 40 

Link, suspending 35 

Link, Walschaert 34 

Links, stationary 84 

Locomotive, Cooke's 193 

Locomotive practice, high pressure in 9 

Locomotive valves 193 

Locomotives, cut-off in, early 9 

Locomotives, economy in 9 

Locomotives, pistons of 144 

Logarithm, hyperbolic 91 

Loose eccentric 181 

Lost motion 1:^3 

Lubrication 188 

M. 

Marine engines. 169, 182, 1R5 

Marine engines, cut-off in early 11 

Marine engines, pistons of 144 

Marine engines, racing in 10 

Marine engines, wheel velocity 10 

Marking 182 

Marks' formula for horse-power 85 

Marshall gear 43 

McNaught, Wm 48 

Mean effective pressure 12, 91, 150 

Measuring 181 

Measuring volume of steam used during period of 
admission IB 
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Mid-gear, angular advance at S9 

Mid-gear, opening at 39 

Mine engines 104 

Mineral oils 142 

Motions, valve 33 

Movements of piston 51, 53 

N. 

Net horse-power 90 

New York Steam Heating Co 130 

Nominal horse-power 86 

Norwalk Iron Works 103 

Nats, tight .■: 129 

O. 

Oil cans 140 

Oiling crank-pin 141, 142 

Oiling cylinders 142 

Oiling gftides 141 

Oiling slides 141 

Oils, sperm 189 

Oils 139, 142 

Oils, cylinder 142 

Oils, cylinder, testing 143 

Oils, mineral 142 

Opening exhaust 191 

Opening, port 40, 111, 190, 191 

Oscillatmg engine 180 

Oscillating pendulum, vibration of 64 

Out-stroke 179 

Over-running 166 

Over-travel , 194 

P. 

Packing for rods 127, 185 

Packing for valve-stems 126 

Packing, piston 134, 184 

Packing-rings 136 

Payne, B. W., & Sons 170 

Pendulum engine 119 

Pendulum goveraor, revolutions of conical 65 

Pendulum, vlbiations of 64 
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Pins (gee Crank-pin, Cross-head-pin). 

pipes, friction in Bteam 21 

Pipes, supply 124, 130 

Piston-heads 134, 164 

Piston-heads, designing 187 

Pision-heads, strength of 148 

Piston movements 51, 62 

Piston-paclcing 184,184 

Piston, position of, affected by eccentric 89 

Piston-ring, width 186 

Piston-rings 187 

Piston-rod 123,127,185 

Piston-rod packing 125, 126 

Piston-rods, steel 133 

Piston-rods, wear of 125 

Piston-valve rings 186 

Piston-valves 122 

Piston velocity 1 82, 183 

Piston, work done by. In one stroke 17, 18 

Piston, work done per inch of 21, 28 

Pistons, areas of 51 

Pistons, heavy 132 

Pistons, wooden 144 

Plumbago 122,188 

Point of cut-off 18 

Pomade, " Putz,** for polishing metal work 129 

Port area 112, 191 

Port area, steam Ill 

Port, exhaust 118 

Port opening 40, 111, 190, 191 

Port opening at mid-gear 29 

Port, width of 29, 112 

Portable engines 142 

Ports 188 

Ports, economy of small 78 

Ports, to proportion 89 

Position of fly-wheel.... 114 

Pound 124 

Pounds', foot (see Foot pounds). 

Power, horse (see Horse-power) 4 

Power of compound condensing engines 46 

Power of cylinders 60 

Power, required area of cylinder in compound 

engines 60, 61 

Power to moYeslide-valveB.. ,,.., ,,,,, 187 
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Pray & Co 105 

Pressure 27, 156 

Pressure above vacuum 11, 12, 18 

Pressure, absolute 11, 12, 18 

Pressure at any point, rule for finding 18 

Pressure, average 27 

Pressure,. average total 12 

Pressure, average net {see Pressure, mean effective). 

Pressure, back 12, 22 

Pressure, boiler '..... 21 

Pressure by vacuum 18 

Pressure, high 76, 126 

Pressure in a vacuum 99 

Pressure in cylinder, rule for 11 

Pressure in steam chest 197 

Pressure, initial 21 

Pressure, initial, economy in 76 

Pressure, initial, gain by 77 

Pressure in steam-cylinder 11 

Pressure, mean effective 18 

Pressure of air 175 

Pressure of steam at various portion* of stroke 18 

Pressure of steam, relation to temperature 23 

Pressure of water 174 

Pressure on alide-valve 197 

Pressure, relation between and temperature 22 

Pressure {see also Initial, Absolute, Terminal, Mean 
effective, Average, Total, Back). 

Pressure under slide-valve 197 

Pressure, work of steam in overcoming 15 

Priming, percentages of 61 

Proportions of locomotive valves 198 

Fump,air 100 
fttz-pomade for bright work , 129 

Racing in marine engines 10 

Racing, remedy for 10 

RadiaPion '... 60 

Radiation, external 109 

Radiation from cylinders r 60 

Raffard, N. J , 114 

Rate of expansion 18, 103 

Rate of expansion in Woolf engine '. , — ......•• ^ 
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Bating an engine II. 68, 103 

Batiu. intermediate expansion 53 

Heal noree-power 86 

Receiver engines, compared witli Woolf 88 

Receiver engines, expansion in 56 

Receiver engines, rule for expansion in 56 

Receiver engines, work done oy 58 

Receiver, volume of 63 

RegoJation 66, 102 

Relays Ill 

Release, exhaust b2 

Reversing 27, 28 

Reversing engines 181 

Reversing, lap and lead in 27 

Reversing position of eccentric center 28 

Riding, cut-off 185 

Rings for piston-valve 136 

Rings, packing 136 

Rin^^s, piston 187 

Rocker arm, influence of 87 

Rods, eccentric {aee Eccentric-rods). 

Rod packing , 127, 185 

Rod, piston 128,127, 185 

Rods, connecting 181, 185 

Rods*, piston, packing of 125, 126 

Rotative engine 107 

Rotatory engine 107 

Rule for clearance 10 

Rule for cylinder areas in compound engines.. 46, 47, 48 

Rule for eccentric-rod lengtti 26 

Rule for expansion in receiver engines 56 

Rule for expansion rate 13 

Rule for expansion rate In Woolf engines 54, 55 

Rule for nnding pressure at any point of the 

stroke 18, 19 

Rule for gross and net horse-power 90 

Ru ie for hyperbolic logarithm of expansion rate 14 

Rule for initial pressure for given amount of work.l6, 17 

Rule for pressure in steam-cylinder 11 

Rule for total work of steam during expansion 15 

Rule for weight of steam 1 21 

Rule for work done by receiver engines 58 

Rule for work done by Woolf engine 57, 58 

Bole to And cylinder capacity for given amount of 

eteam for one stroke , ... .19, 20 
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Bnnning over and onder 136 

Bast, removal of ]IS9 

S. 

"Satnrated steam 69, 60 

Saving by compression 80 

Screws, set 109 

Sea water 174 

Seats, valve, flnistiing 131 

See,J.W 103 

Setscrews 109 

Setting 110,182 

Setting slide-valves 24 

Setting, Stephenson, cut-off 178 

Setting up 181 

Setting up a Cowdrey engine 15 

Setting valves 24, 122 

Shaft 123 

Shaft, fastening crank to 166 

Shaft, tumbling, position of 36, 37 

Shaking 169 

Shouldering 183 

Simplicity 102 

Slide-valve, flnishing 131 

Slide-valve, keeping seated - 31 

Slide-valve, motion of 190, 196 

Slide-valve, overrunning 166 

Slide-valve, setting 24 

Slide-valve, speed of 31 

Slide-valves 23, 108, 110, 111, 113, 122, 193, 198 

Slide-valves, balanced, disadvantages of 32 

Slide-valves, curved 122 

Slide-valves, lifting S2 

Slide-valves, Tipping's balanced 38 

Slides, oiling 141 

Slip, change of gear position 36 

Slip, reduction of 35 

Slippage, wheel 10 

Slipping, eccentric 180 

Small engines, advantage? of 82 

Specific gravity of materials 175, 176 

Specific neat 167, 158 

Speed 123 

Speed,high 110 
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speed of fly-wheels 167 

Speed of follower 134 

Speed of slide-valve 81 

Speed {see also Velocity). 

Sperm oil 189 

Spider ., 184 

Square engines ." 112 

Squaring 181 

Steam 15 

Steam a perfect gas 60 

Steam— causes of difference between boiler and ini- 
tial pressure 21 

Steam-chests 309, 113, 180, 197 

Steam cylinder, pressure in 11 

Steam distribution 178 

Steam, dry 61,157 

Steam, dry, advantages of 61 

Steam, dryness of 69, 60 

Steam, economy in 76 

Steam, efliciency of .- 67 

Steam-engine rating 102 

Steam, expansion of 20 

Steam, measuring volume during full steam period. 15 

Steam-port area Ill, 191 

Steam-port, width 112 

Steam-ports 188 

Steam-ports, to proportion 29 

Steam pressure 27 

Steam pressure, variations of 21, 22 

S^am— relation between pressure and temperature. 22 

Steam, saturated 59, 60 

Steam, superheated 60 

Steam, to reckon efficiency of 67 

Steam-traps 50 

Steam, weight of 80, 26 

Steam, weight of, rule for 21 

Steam, work done per cubic foot of 21 

Steam, work of, in overcoming pressure 15 

Steel piston rods 133 

Stephenson's link 40, 177, 181 

Stevens valves ; 189 

Sticking on center 185 

Straps, eccentric, heating of 128 

Strength of piston heads 143 

Stroke, pressures at various lengths 18 
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Stafflng-boxeB 128,128,134 

Salphur, use of 141 

Saperheated steam 60 

Superheating, advantages of 60 

Superheating, limit of 57 

Supplementary balance cylinders 169 

Supply pipes 124, 130 

Surface condenser 101 

Suspension of link 178 

Sypnon condenser 101 

T. 

Table, comparison of small and large engines 83 

Table for compression 81 

Table of gain, by high initial pressure 77 

Table of relative areas of cyunders in compound 

engines 49 

Tallow and lime 129 

Tapered valves 108 

Tapping: holes in cylinder flanges IIZ 

Temperatures 156 

Temperature of exhaust steam 22 

Temperature of hteam, relation to pressure 22, 23 

Termini pressure 11, 12 

Testing cylinder oils 143 

Tests upon B. & A. R. R 81 

Thomp!?on, J. W 148 

Throttle 180 

Throttle vs. Cut-off 84 

Throttle engines 168 

Thumping 110 

Tipping's oalauced slide-valve 32 

Traps, steam 81 

Travel 184. 194 

Travel, variable 184 

Tremper cut-off 187 

Trunnions 180 

Tumbling shaft, position of 36, 37 

Twin engines 110 

Two-ported engines 109 

U. 

Units, heat 158 

Uncovered port area << 191 
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Tocmim 18, 78, 78, W 

Vacuum by condenser 18 

Vacnnm and expuai^ion 72, 73 

Vacuum, pressure above 18 

Vacuum, pressure in 99 

Valve action 195, 196 

Valve, Allen 80,81 

Valve,Allen, casting 81 

Valve, D isee- Slide-valve) 81 

Valve designing, Alien 80 

Valve-gear 123 

Valve, gridiron 122 

Valve motion 88 

Valve-opening 190, 191 

Valve-pfeton 122 

Valve-seat 183 

Valve-seats, finishing 181 

Valve setting 122 

Valve, slide {su Slide-valve). 

Valve, speed of slide 31 

Valve-stem, len^h of 87 

Valve-stem, packing 126 

Valve-stem, vibrations of 87 

Valve tips 192 

Valve-travel 187,194 

Valves, conical 108 

Valves, piston, rings for 136 

Valves, tapered 108 

Vapors 157 

Variable travel 184 

Velocity of air 100 

Velocity of fly-wheel 182 

Velocity of piston 132, 133 

Velocity [see also Speed). 

Vertical engines 114,115, 118,184 

Vertical engines, cut-off in 10 

Vertical engines, inverted 108, 169 

Vibration of oscillating pendulum 64 

Vibrations of valve-stems 37 

Volume of receiver 68 

Volume of steam daring admission 15 

Volume of steam during full steam period 16 

Volume of steam, measuring , 15 
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Waldeggf Henelnger yon 86 

Water, neating feed by exhaust 84 

Water, density of Ifl* 

Water, expansion of 162 

Water, feed, volnme of 163 

Water for condensing — 155 

Water, latent heat of 159 

Water, pressure of 174 

Water, sea 174 

Water, weight of 178 

Watt, James 100 

Wear of guides 136 

Wear of valves 184 

Weight of air 99,175 

Weijrht of engines 170 

Weight of fly-wheel 114 

Weight of steam 30, 21 

Weight of steam, rule for 21 

Weight of water 173 

Weights 178 

Wheel, fly {see Fly-wheel). 

Wheel slippage 10 

Wheel velocity in marine engines 10 

Wilson valves 190 

Wiredrawing 79,107,111,122 

Wire drawing, cause of 80 

Wire drawing, waste by 80 

•Wood, De Volson 105 

Wooden cvllnder-heads 144 

Wooden pistons 144 

Woolf and receiver types compared 98 

Woolf,Arthur 47 

Woolf engine 53,54,55,117 

Woolf engine, objections to 47 

Woolf engine, rule for work done by 57, 58 

Woolf engine, work done by 56 

Woolf & Wolif compound engines, difference be- 
tween 59 

Work done by engines 66 

Work done by receiver endues 58 

Work done by Woolf engine 56 

Work done during expansion 15 

Work done per cubic foot of steam 25 
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Work done per inch of piston 26 

Work done upon piston 21 

Work, initial pressure for given amoi:nt 16, 17 

Work, net, of steam for one stroke of piston 17 

Work of steam, reckoning 15 

Work of steam in overcoming pressure 15 

Work per stroke ! 17, 18, 

Z. 

Zero, absolute, of temperature 157 

2euner's experiments for dryness of steam CI 
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THEORY OF STEAH-ENGINE. Translated 
from the fourth edition of Weisbach's Mechanics, 
by A. Jay Du Bois. Containinsr notes grivlng' 
practical examples of Stationary, Marine, ana 
Locomotive Engines, showing: American prac- 
tice, by R. H. Buel. Numerous illustrations. 
Second edition. 8vo, cloth $5 01 

A MANUAI. OF THE STEAM-ENGINE. By 

Prof. Robert H. Thurston. Part I.— Structure 
and Theory. Historj of the Steam-Engrine, Struc- 
ture of Modem Engrines, Philosophy of the Steam- 
Engrine, Thermo-dynamics of Gases and Vapors, 
Theory of the Steam - Engine* Oompounainsr, 
Jacketingr, Superheatingr, Efficiencies of the 
Steam-Engrine. Part II.— Design, Construction, 
Operation. Desigrn of the Steam-Engine, Valves 
and Valve Motions, Regulation, Governors, Fly- 
wheels, Inertia Effects, Construction and Erec- 
tion, Operation, Care and Management, Engine 
and Boiler Trials, Specifications and Contracts, 
Finance, Costs and Estimates. Each part 8vo, 
900 pages $7.50, or two parts at once, $12 00 

REFIiECTIONS ON THE MOTIVE POWER 
OF HEAT, and on Machines Fitted to Develop 
that Power. From the original French of N. C 
S. Carnot. By Prof. R. H. Thurston. 12mo, 
cloth $300 

THE PRINCTPIiES OF THERMO-DTNA- 
MICS. With Special Applications to Hot-Air, 
Gas and Steam-Engfines. By Robert ROntgen. 
With additions from Profs. Verdet, Zeuner, and 
Pemolet. Translated, newly and thoroughly 
revised, and enlarged, by Prof. A. Jay Du Bois, 
of Sheffield Scientific School. 1888. 733 pages. 
Third edition. 8vo, cloth $5 00 

THERMO-DYNAMICS OF THE STEAM- 
ENGINE AND OTHER HEAT ENGINES. 

By Prof, a H. Peabody, Massachusetts Institute 
of Technology. Third edition. 8vo $5 00 



Digitized by VjOOQIC 



THERMO - DYNAMICS, HEAT MOTORS, 
AND REFRIQERATINO MACHINES. By 

Prof. De Volaon Wood. Sixth edition, revised 
and enlargred. 8vo, cloth $4 00 

ENGINE RUNNERS' CATECHISM. Bv 

Robert Grimshaw. Telling how to Erect, Adjust, 
and Run the Principal Steam-Engrines in use in 
the United States, belngr a sequel to the author's 
Steam-Enfirine Catechism. 18mo $2 00 

THE PRACTICAIi CATECHISM. A Series 
of Direct Practical Questions and Answers on 
Subjects Connected with Engineeringr. By 
Robert Grimshaw. 18mo, cloth |1 25 

STATIONARY STEAM - ENGINES. Espe- 
cially adapted to Electric Lightingr Purposes. 
Treating of the Development of Steam-Engines 
—the principles of Construction and Economy, 
with description of Moderate Speed and High 



_ es. By Prof . R. H. Thurston. Fifth 
ition. 1892. 12mo, cloth $160 

A HAND-BOOK OF ENGINE AND BOIIiER 
TRIAI<S, AND THE USE OF THE INDI- 
CATOR AND THE BRAKE. By R. H. 

Thurston, Director of Sibley CoUege, Cornell 
University. Second edition, revised. 8vo $5 00 

DETEI<OPMENT OF THE PHUiOSOPHY 
OF THE STEAM-ENGINE. By Prof. R. H. 
Thurston. 18mo, cloth $0 75 

STEAM-ENGINE DESIGN. For the use of 

Mechanical Engineers, Students, and Draughts- 
men. By Prof. J. M. Whitham. Numerous illus- 
trations. Full-page and folding plates. Second 
edition, revised. 8vo, cloth $6 00 

CONSTRUCTIVE STEAM-ENGINEERING. 

A Descriptive Treatise on Constructive Steam- 
Engineering, embracing Engines, Pumps and 
Bouers, and their Accessories and Appendages. 
By Jay M. Whitham, M.E., C.B. Thoroughly 
illustrated with 705 illustrations, many full-page 
and twenty-two folding plates. 906 pages. 8vo, 
cloth $l0 00 
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IimiCATOR PRACTICE AND STEAM- 
ENGINE ECONOMY. With Plain Directions 
for Attaching: the Indicator, Takingr Diagrams, 
Ck)mputingr the Horse-Power, Drawing the Theo- 
retical Curve, Calculating Steam Consumption, 
Determining Economy, Locating Derangement 
of Valves, and making all desired deductions; 
also. Tables required in making the necessary 
computations, and an Outline of Current Practice 
in Testing Steam-Engines and Boilers. By Frank 
F. Hemenway, Associate Editor "American 
Machinist," Member American Society Mechan- 
ical Engineers, etc. Adopted as a Text-Book in 
Stevens Institute of Technology. Fifth edition. 
12mo, cloth $2 00 



TWENTY YEARS IVITH THE INDICA- 
TOR. Being a Practical Text-Book for the 
Engineer or the Student, with no complex form- 
ulae, and with many Rules as to the best way to 
run any Steam-Engine to get the Most Economic 
Results— How to Adjust Valves and Valve 
Motions, with Directions for Working up Horse- 
Power— Amount of Steam or Water per Horse- 
Power— Economy of Fuel— Directions for At- 
taching the Indicator— Motions to Use and Not to 
Use— How to Compute by Planimeter or witii- 
out, etc., etc. By Thomas Pray, Jr., Consulting 
and Constructing and Civil and Mechanical En- 
gineer, etc., etc. Tenth thousand (1892). Newly 
arranged and complete in one volume. Royal 
8vo, cloth $2 60 



TABLES OP THE PROPERTIES OF SAT- 
URATED STEAM AND OTHER VAPORS. 

By Cecil H. Peabody, . Assistant Professor of 
Steam-Engineering in the Mass. Institute of Tech- 
nology. Sixth edition, revised. 8vo, cloth $1 00 



TAIiTE- GEARS. By H. W. Spangler, U.S.N., 
and Professor of Mechanical Engineering, Uni- 
versity of Pennsylvania. Second edition. To 
the second edition a chapter on the mathematical 
demonstration of the Hamilton-Corliss Valve- 
Gear has been added. 8vo, cloth $2 J 
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VAIiTE-GEARS FOR THE STEAM- 
ENGINE. By Prof. C. H. Peabody, Institute 
of Technology, Boston, Mass. Analysis by the 
Zeuner- Valve Diagram. 33 folding plates. 8vo, 
cloth $2 50 

MARINB BNGiarSSS AND DREDGING 
MACHINRRT. Showing the latest and best 
English and American Practice. By Wm. H. 
Maw. Illustrated by over 150 fine steel plates 
(mostly two-page illustrations) of the engines of 
the leading screw steamships of England and 
other nations, and 295 fine wood engravings in 
text. Folio, half morocco. $18 CO 

TARLBS, IVITH RXPI.ANATIONS, RB- 
liATING TO THB NON-GONDBNSINO 
STATIONARY STBAM-BNGINB, AND OF 
HIGH - PRBSSURB STBAM- BOII.BRS. 

By W. P. Trowbridge. Plates. 4to, paper 
boards $2 50 

A MANUAIi OF STBAM-BOUiBRS, THBIR 
DBSIGNS, CONSTRUCTION, AND OPBR- 
ATION. For Technical Schools and Engineers. 
By Prof. R. H. Thurston. 183 engravings in text. 
Fourth edition. 8vo, cloth $6 00 

STBAM-BOIIiBR BXFI^OSIONS IN THE- 
ORY AND IN PRACTICB. By R. H. Thur- 
ston, M.A., Doc. Eng., Director of Sibley College, 
Cornell University. Containing Causes of— Pre- 
ventives — Emergencies — Low Water — Conse- 
quences — Management — Safety— Incrustation- 
Experimental Investigations, etc., etc., etc. With 
many illustrations. Second edition. 12mo, cloth. $1 50 



BOII^BR MAKING FOR BOII<BR 

M A K B R S • A Practical Treatise on work in 
the Shop, showing the best Methods of Riveting, 
Bracing and Staying, Punching, Drilling, Smelt- 
ing, etc., and the most economical manner of 
obtaining the best quality of Output at the least 
expense. -By W. H. Ford, M.E. Second edition. 
18mo, cloth $1 00 
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A TRBATISK ON STSSAM-BOII^BRS. Their 
Stren^tb, Construction, and Economical Work- 
Ingr. By Robert Wilson, C.E. Enlargred and illus- 
trated from the Fifth Engrlish Edition by J. J. 
Flather, Ph.B., Lehigh University. 108 fine illus- 
trations, Tables, etc. Second edition. 12mo, 
cloth $2 60 

STSSAM HBATIMO FOK BUII«DINGSi or. 

Hints to Steam Fitters. Beinff a description of 
Steam Heating Apparatus for Warmingr and Ven- 
tilatiniir Private Houses and Large Buildings, 
with Remarks on Steam, Water, and Air in their 
Relations to Heating. To which are added use- 
ful miscellaneous Tables. By Wm. J. Baldwin. 
Thirteenth edition. With many illustrative 
plates, l&no, cloth . . .$2 50 



RBPORT OF A SBRIBS OF TRIALS OF 
IV ARM BLAST APPARATUS FOR 
TRANSFBRRINO A PART OF THB 
HBAT OF B8CAPING FLUB GASBS TO 
THB FURNACB, Second edition. 1 vol., 8vo, 
cloth $150 

liOCOMOTIVB-BNOINB RUNNING AND 
MANAOBMBNT. A Practical Treatise on 
Locomotive Engines, showing their performance 
in running dilferent kinds of trains with economy 
and dispatch. Also, directions regarding the 
care, management, and repairs of Locomotives 
and all their connections. By Angus Sinclair, 
M.K Illustrated by numerous engravings. 
Twentieth edition, carefully revised and en- 
larged. 12mo, cloth $2.00 



THB OAS-BNGINB. History and Practical 
Working. By Dugald Clerk, with 100 illustra- 
tions. Third edition. 12mo, cloth $2 00 



MODBBN LOCOMOTITB CONSTRUCTION. 

With many illustrations. By J. G. A. Meyer. 
Associate Editor of the ** American Machinist." 
Describing every part, from an oil-cup to a 
cylinder. 4to, cloth $10 00 



Digitized by VjOOQIC 



Digitized by VjOOQIC 



Digitized by VjOOQIC 



Digitized by VjOOQIC 



Digitized by VjOOQIC 



a*ioaiiii32a? 




b89089693287a 



Digitized by VjOOQIC 



V] 




ai0flTbT3S67 



B89089693287A 



